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PREFACE 

TO  THE  FIRST  EDITION. 


The  origin  of  the  following  work  was  a  desire  to  present 
to  students  of  cliemistry  an  elementary  view  of  the 
discoveries  of  Dr.  Faraday  in  Electrical  Science.  From 
the  very  first  publication  of  his  Experimental  Researches 
in  Elecfricift/,  I  have  felt  that  from  them  Chemical  Philo- 
£0|)hy  will  date  one  of  its  most  splendid  epochs;  and 
perceiving,  at  the  same  time,  that  the  results  bear  upon 
them  the  great  imjiress  of  natural  truths,  namely,  that 
they  simplify  while  they  extend  our  views,  I  have,  from 
the  firet,  availed  myself  of  them  in  my  instruction  to  my 
classes.  I  have  enjoyed  particular  advantages  in  doing 
this  from  the  kindness  of  the  discoverer,  for  in  every 
difficulty  which  arose,  he  has  assisted  me  with  his  expla- 
nation and  advice.  At  the  same  time,  when  consulted 
by  my  pupils  upon  the  best  mode  of  following  up  the 
oral  instruction  of  lectures  by  the  study  of  the  subject  in 
books,  as  they  must  do  who  intend  to  derive  benefit  from 
iueh  instruction,  I  have  been  greatly  at  a  loss  to  direct 


The  taceoHiTe  memoirs  of  an  experimental  philoso- 
pbt^  whok  from  time  to  time,  communicates  his  views  as 
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they  open  out  to  him  during  the  progress  of  his  disco- 
veries, must  necessarily  be  better  adapted  to  the  study  of 
the  proficient,  than  to  the  instruction  of  the  beginner; 
and  long  periods  of  time  often  elapse  before  the  facts 
which  they  record  find  their  places  in  general  systems. 

After  some  solicitation  and  much  hesitation,  I  deter- 
mined to  make  an  effort  to  supply  a  want,  which,  I  was 
perpetually  reminded,  was  urgent,  and  which  did  not 
appear  to  be  likely  to  be  soon  supplied  from  any  other 
quarter. 

Upon  considering  the  best  mode  of  carrying  this 
design  into  execution,  I  became  convinced  that  the  great 
doctrine  of  "  Definite  Electro-chemical  Action,"  and  the 
laws  of  "  Electrolysis,"  could  not  be  simply  and  intelli- 
gibly stated  without  a  preliminary  notice,  on  the  one 
hand,  of  the  force  of  local  affinity  and  the  laws  of 
definite,  multiple,  and  equivalent  proportions  in  chemical 
combination;  and,  on  the  other  hand,  of  the  force  of 
electricity  and  the  laws  of  electric  charge  and  discharge 
in  matter.  A  clear  description,  again,  of  the  action  of 
heterogeneous  particles  upon  each  other  requires  a  dis- 
tinction, which  has  not  been  sufiiciently  attended  to,  to 
be  drawn  between  Heterogeneous  Adhesion  and  Chemical 
Affinity;  and  it  is  inii>ossible  now  to  treat  of  Electricity, 
without  describing  the  phenomena  of  its  constantly- 
associated  force  Magnetism. 

Thus,  I  was  gradually  led  to  include  in  my  plan  such 
a  preparatory  view  of  the  forces  which  may  be  said  to 


concur  to  Hie  production  of  chemical  i)henomena,  as  it 
is  absolutely  neceasarj  to  the  student  to  master,  who 
aspires  to  comprehend  the  Philosophy  of  Chemistry,  or 
anything  beyond  the  mere  manual  operations  of  practical 
chemistry. 

It  has  not  been  a  part  of  my  design  to  construct  a 
system  or  manual  of  chemistry:  several  excellent  works 
already  exist,  which  render  such  an  undeitakiog  quite 
unnecessary,  but  I  am  not  without  hope  that  the  fol- 
lowing pages  may  be  considered  as  a  fit  preparation  for 
the  study  of  such  systems. 

In  executing  my  task,  it  has  been  my  aim  to  lead 
the  student  by  a  more  natural  method, — that  is,  more 
gradually  from  the  known  to  the  unknown — than  that 
which  is  generally  adopted  in  our  elementary  books. 

In  short,  if  I  shall  be  deemed  to  have  failed  in 
amplifying  and  facilitating  the  student's  path  to  the 
comprehensive  science  of  chemistry,  I  have  failed  in  the 
sole  object  of  my  undertaking. 

Id  such  an  elementary  work,  I  have,  of  course,  freely 
made  iae  of  the  labours  of  others,  and  I  regret  that  my 
Kmits  have  prevented  me  from  mentioning,  at  all  times, 
tbe  names  of  those  illnstrionfl  philosophers,  either  living 
or  AemAt  to  whom  we  axe  indebted  for  the  observation  of 
piunomena,  and  the  fundamental  inductions  upon  which 
the  himo  of  eoience  rests.  The  history  of  the  science 
of  fhemiitijralrae  would  fill  a  volume.    I  have,  however. 
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subjoined  a  list  of  those   systematic   works   to    whose 
assistance  I  have  been  most  indebted. 

I  have  judged  it  best  in  the  arrangement  of  my  work, 
to  throw  all  the  graphic  illustrations  of  diagrams,  or  other 
figures,  into  the  form  of  notes;  and  the  explanation  and 
etymology  of  scientific  terms,  of  words  of  unfamiliar  use, 
and  of  words  to  which  it  is  desirable  that  the  student 
should  attach  more  definite  ideas  than  are  usually  sug- 
gested by  common  parlance,  I  have  given  in  a  Glossary. 
The  principal  facts  and  reasoning  of  the  text  will  thus 
be  uninterrupted  by  extraneous  matter,  which,  however 
important  as  a  subsidiary  means  of  explanation,  might 
often  confuse  the  steps  of  the  induction;  and  those  who 
are  acquainted  with  the  tcnns  employed,  will  not  be 
delayed  by  definitions  which  they  do  not  need.  It  is, 
however,  a  caution  whicli  cannot  be  too  strongly  im- 
pressed upon  every  student,  never  to  pass  over  a  term 
which  he  does  not  understand,  without  seeking  its 
explanation. 

It  only  remains  for  me  now,  to  acknowledge  my 
obligations  to  my  friends  and  colleagues.  Professor  Wheat- 
stone  and  Dr.  Todd,  for  their  great  kindness  in  under- 
going the  disagreeable  labour  of  revising  and  correcting 
the  proof  sheets.  They  have  thereby  prevented  many 
errors,  which  would  otherwise  have  deformed  the  work. 


POSTSCRIPT 

TO  THE  SECOND  EDITION. 


A  CALL  for  a  second  edition  of  the  Introdudion  to  the 
Study  of  CJiemical  Philosophy,  in  so  short  an  interval  of 
time,  having  induced  me  to  hope  that  vay  purpose  in 
writing  it  has  been,  in  a  great  measure,  fulfilled,  T  have 
spared  no  pains  in  availing  myself  of  this  opportunity  of 
correcting  and  completing  it;  keeping  always  in  view  the 
design  of  leading  the  student  gradually  forward  from  the 
known  to  the  unknown,  and  of  teaching  him  to  take 
comprehensive  views  of  the  chemical  connexions  of 
physical  phenomena. 

The  principal  additions  which  have  been  made  to  the 
work  consist  in  the  elementary  application  of  Professor 
Ohm's  formula  of  the  Electro-Motive  Force  and  Resist- 
ances in  the  Electrical  Current,  as  a  guide  to  the  accurate 
^iresrion  of  the  various  results  of  its  action;  the  intro- 
duction of  some  original  researches  upon  the  Electro- 
Ijiia  of  Secondary  Compounds,  which  are  believed  to 
IiAve  an  important  relation  to  the  theory  of  acids,  salts, 
and  oi;ganic  radicles;  and  an  attempt  to  furnish  a  clue 
to  the  labyrinth  of  fiicts  which  are  generally  classed 
together  under  the  title  of  Organic  Chemistry,  hut  which 
have  mofltly  little  connexion,  except  in  name,  with  the 
duaiiitiy  of  oiganiied  beings. 
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Although  the  philosophy,  and  not  the  arts  of  chemistry, 
is  the  principal  object  kept  in  view  throughout,  some  of 
the  recent  wonderful  and  interesting  applications  of  the 
science  have  been  described;  and  the  principles  of  Pho- 
tography; of  Volta-typing;  of  Electro-Magnetic  Engines; 
and  particularly  of  the  Electro-Magnetic  Telegraph; 
have  been  explained  and  illustrated. 

But  I  must  take  this  opportunity  of  repeating,  that 
this  work  is  not  meant  to  furnish  details  of  manipulation, 
or  particulars  of  construction  which  are  to  be  found  in 
the  many  excellent  works  upon  chemistry  which  now 
abound,  and  still  less  to  compete  with  the  systems  and 
manuals  which  have  been  happily  published  by  so  many 
of  our  first  masters  of  the  science;  but  it  is  designed 
rather  as  a  preparation  for  the  useful  study  of  those  more 
comprehensive  works.  It  is,  in  short,  only  as  its  title 
indicates.  An  Introduction  to  the  Study  of  Chemical 
Philosophy^  and  a  Preparatory  View  of  Hie  Farces  which 
concur  to  the  Production  of  Chemical  Phenomena^  and  as 
such  it  is  hoped  that  it  may  be  received  and  judged. 

To  the  number  of  those  who  have  aided  me  in  this 
labour,  I  must  not  omit  to  add  my  friend  Dr.  W.  A. 
Miller,  to  whose  valuable  assistance  I  have  been  greatly 
indebted  in  this  new  edition. 

J.  F.  D. 

Kitig'H  Col/eiret  Loud  ni, 
January,  1843. 
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INTRODUCTION  TO  CHEMISTRY 


I.  MATTER  AND  FORCE. 

§  1.  ExPERiKxcE^  or  the  repeated  evidence  of  our 
senses^  and  the  irresistible  persuasion  of  the  mind  that  ^^like 
causes  will  ever  produce  like  eflFects/'  constitute  the  sound 
foundation  of  natural  knowledge*. 

The  convicHons  arising  from  these  impressions  have  directed 
the  intellect  of  man^  in  all  ages  and  in  all  stations^  to  control  the 
powers  which  have  been  imparted  to  the  material  universe  to 
his  own  advantage;  the  maintenance  of  a  bare  existence  in 
savage  life  being  dependant  upon  them  no  less  than  the  polished 
arts  of  civilized  society.  It  is  strange,  however,  to  remark  how 
long  a  time  elapsed,  even  in  a  state  of  high  intellectual  culture, 
before  it  was  discovered  that  the  same  principles  which  teach 
the  mere  child  that  fire  will  bum,  that  water  will  flow,  and  that 
a  moving  stone  will  inflict  a  blow,  and  to  guide  his  conduct 
accordingly,  would  lead  to  that  higher  acquaintance  with  the 
powers  of  nature,  which  we  distinguish  by  the  title  of  natural 
philosophy.  The  powers  of  reason  had  been  exercised  with 
success  upon  abstract  science  for  ages  before  the  voice  of  Bacon 
proclaimed,  and  insisted  earnestly  upon,  the  advantages  of 
extending  experience  by  experiment,  and  of  adopting  the  accu- 
rate observation  of  phenomenay  as  the  only  safe  guide  \n  physical 
investigations;  but  from  the  moment  that  this  course  was 
entered  upon  by  the  patient  student  of  nature,  natural  science 

*  Borne  eminent  philosophers,  however,  maintain  that  the  whole  of  our 
knowledge  is  not  a  mere  collection  of  deductions  from  experience,  but  that 
there  are  ideas  of  which  the  mind  has  a  perception,  and  propositions  of  which 
we  have  a  conviction,  antecedent  to  experience;  that  there  are  certain  general 
and  universal  propositions  in  science  of  which  we  have  an  innate  conception. 
Bat  it  has  been  well  observed,  that  this  opposition  of  views,  after  all,  may  be 
only  apparent;  for  whether  certain  truths  have  been  originally  impressed 
upon  our  intellectual  being,  capable  of  being  called  forth  by  circumstances, 
or  whether  our  minds  have  been  originally  so  constructed  as  to  be  most 
permanently  struck  by  those  analogies  amongst  natural  things  which  are 
really  dependent  upon  their  nature,  as  that  nature  is  known  to  their  Creator, 
the  mind  of  man,  on  either  view  of  the  subject,  is  represented  as  in  harmony 
with  uniTersal  nature,  and  therefore  capable  of  attaining  real  knowledge. 
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has  advanced  with  a  constantly  accelerating  progress^  extending 
the  power  of  mind  over  the  forces  pertaining  to  matter  in  a 
corresponding  degree. 

It  deeply  concerns  the  student  who  proposes  to  himself  to 
enter  upon  any  branch  of  such  investigations,  tliat  he  should 
have  a  right  perception  of  these  trutlis ;  that  he  should  correctly 
distinguish  the  difference  between  abstract  and  natural  science, 
and  clearly  perceive  the  road  along  which  his  course  must  tend. 

The  contrast  of  these  two  great  divisions  of  science  has  been 
forcibly  represented  by  one  of  the  living  masters  of  botli.  *^A 
clever  man,''  Sir  John  Herschel  has  observed*,  "  shut  up  alone, 
and  allowed  unlimited  time,  might  reason  out  for  himself  all  the 
truths  of  mathematics,  by  proceeding  from  those  simple  notions 
of  space,  and  number,  of  which  he  cannot  divest  himself,  with- 
out ceasing  to  think ;  but  he  could  never  tell,  by  any  eflFort  of 
reasoning,  what  would  become  of  a  lump  of  sugar,  if  immersed 
in  water ;  or  what  impression  would  be  produced  on  the  eye  by 
mixing  the  colours  yellow  and  blue." 

§  2.  Experience,  then,  must  be  his  guide ;  not  the  mere 
passive  experience  of  observation,  but  the  active  experience  of 
experiment:  that  is,  he  must  not  only  carefully  observe  pheno- 
mena as  they  spontaneously  present  themselves  to  him  in  the 
ordinary  course  of  nature,  but  he  must  purposely  contrive  and 
vary  circumstances,  in  order  that  he  may  observe  them. 

To  personal  experience  he  must  also  add  the  well-attested 
experience  of  others ;  and  the  experience  of  past  ages,  as  well  as 
of  the  present ;  and  as  by  following  this  course  the  generality  of 
mankind  attain  to  such  an  acquaintance  vnXh  the  properties  of 
matter  as  ensures  their  comfortable  existence,  with  which  sensual 
object  they  are  content ;  so  he  has  but  to  persevere  in  the  same, 
and  it  will  lead  him  to  that  intimate  knowledge  of  the  order  of 
creation,  which  constitutes  science,  and  which  is  an  object  of 
ambition  worthy  of  a  rational  creature. 

The  immediate  wants  of  their  nature  early  taught  the  human 
race  to  direct  the  agency  of  heat  to  their  supply ;  and  the  accu- 
mulated experience  of  ages,  widely  diffused,  has  given  the  most 
unreflecting  a  command  over  that  principle  which  strongly  con- 
trasts with  the  general  ignorance  concerning  the  no  less  general 
and  powerful  principle  of  electricity j  the  very  existence  of  which 
could  scarcely  be  said  to  have  been  recognised  till  within  the 


FACTS  AND  IDEAS.  3 

last  century.  When  well-directed  observation  shall  have  been 
brought  to  bear  upon  this  all-pervading  power,  as  upon  the 
former,  it  is  scarcely  possible  to  indulge  too  sanguine  hopes  of 
the  practical  advantages  which  may  flow  from  such  extended 
knowledge.  The  forces  of  nature,  indeed,  are  the  powerful,  but 
submissive,  servants  of  man ;  and  through  their  agency  he  has 
been  endowed  with  a  subordinate  power  of  creation ;  but  their 
respective  actions  have  been  limited  by  laws  which  cannot  be 
transgressed;  and  in  a  knowledge  of  these  limits  consists  the 
secret  of  their  application. 

§  3.  There  are  two  great  mistakes  which  are  commonly 
committed  by  those  who  enter  upon  a  systematic  course  oi  phy- 
fical  inquiry ;  and  not  only  by  those  who  are  commencing,  but 
by  those  who  undertake  to  direct,  such  studies :  the  first  is,  the 
neglecting  to  form  a  proper  connection  with  previously  acquired 
knowledge, — the  undervaluing  the  results  of  their  ordinary 
experience  as  parts  of  the  system, — as  the  first  rounds  of  that 
intellectual  ladder  by  which  they  aspire  to  scale  the  loftier 
heights  of  philosophy;  and  the  second  is,  the  substitution  of 
names  for  things, — the  vague  acquirement  of  certain  terms, 
certain  forms  of  expression,  instead  of  a  real  understanding  of 
objects  and  principles  to  which  they  have  been  applied: — 
^^  terms  of  ignorance,  and  of  superficial  contemplation,''  as  Lord 
Bacon  calls  them. 

The  process  may  be  repulsive  to  the  too  common  self-suffi- 
ciency of  imperfect  knowledge,  but  when  invited  to  reflect  and 
reason  upon  the  simple  observations  of  childhood  (simple  indeed, 
but  not  more  easy  than  those  which  he  will  be  called  upon  pro- 
gressively to  make),  the  student  ought  to  feel  no  more  offence 
than  when  in  the  outset  of  his  geometrical  studies  he  is  referred 
to  the  axioms,  or  self-evident  truths,  that  ^^  things  equal  to  the 
same  are  equal  to  one  another,''  and  ^^  the  whole  is  greater  than 
its  parts."  It  is  from  the  known  that  he  must  ascend  to  the 
imknown,  and  it  is  all-important  that  he  make  his  footing  sure, 
and  miss  no  step  by  the  way. 

§  4.  Something  more,  indeed,  is  necessary  than  the  mere 
observation  of  phenomena ;  there  must  be  a  process  of  reflection 
upon  the  evidence  of  our  senses: — the  foundation  must  be 
crowned  with  a  superstructure  of  thought  and  reason. 

Professor  Whewell,  in  his  recent  History  of  the  Inductive 
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Sciences^  has  accurately  remarked*,  that  "  two  things  are  requi- 
site to  the  formation  of  science ; — facts  and  ideas ;  observation 
of  things  without,  and  an  inward  effort  of  thought ;  or,  in  other 
words,  sense  and  reason.  Neither  of  these  elements,  by  itself, 
can  constitute  substantial  general  knowledge/^  It  is  owing  to  a 
defect  in  this  mental  process  that  different  arts  liave  often 
attained  to  a  considerable  degree  of  perfection  long  before  they 
could  be  said  to  form  parts  of  a  general  structure  of  science. 
The  chemical  arts  of  glass-making,  metallurgy,  dyeing,  and 
many  others,  were  known  to  the  ancient  Egyptians,  who, 
probably,  were  utterly  ignorant  of  the  principles  of  chemical 
philosophy. 

The  aim  of  the  student  then  must  be  not  only  to  obtain 
distinct  facts,  but  clear  ideas  of  the  connection  of  those  facts. 
Now  it  is  by  processes  of  thought,  and  operations  of  mind, 
which  are  quite  familiar,  that  the  observations  of  experience 
and  experiment  are  connected  into  the  order  and  structure 
of  science ;  for  the  principles  of  natural  philosophy  are  but  the 
principles  of  common  sense. 

In  the  ordinary  occurrences  of  life  we  are  struck  with  some 
appearances, — some  phenomena  we  may  call  them, — which  are 
out  of  the  ordinary  course  of  our  experience :  the  mind  unme- 
diately  suggests  the  familiar  inquiry,  ^^What  can  these  be?'* 
We  form  a  conjecture,  and  we  try  whether  the  supposition  will 
include  all  the  circumstances  of  the  case ;  we  reject  it,  and  we 
guess  again;  and  we  proceed  in  this  tentative  method  till  our 
reason  is  satisfied  that  we  have  taken  a  right  view  of  the  sub- 
ject.    The  formal  course  of  philosophy  differs  not  from  this. 

Amongst  a  variety  of  facts,  or  phenomena^  collected  together 
as  having  some  general  resemblance  or  connection  with  each 
other,  some  governing  principle  is  sought,  which  may  apply 
successfully  to  the  explanation  of  all  their  varieties ; — supposi- 
tions, guesses,  or  hypotheses,  are  first  attempted;  some  with 
greater,  some  with  less  extent,  but  all,  perhaps,  without  success; 
each  after  each  failing  in  the  solution,  for  want  of  generality  and 
comprehensiveness;  till  at  lengthy  after  infinite  labour  on  the 
part  of  the  inquirer,  the  law  is  evolved ;  or  a  governing  prin- 
ciple which  combines  all  together  in  one  comprehensive  view^ 
or  theory.  When  by  this  simple^  but  laborious  procesa  of 
induction,  the  mind  has  once  been  led  up  to  such  lmo9  qf  nature^ 
they  are  found  to  be  distinguished  by  their  exoeeding  simpliGity: 

*  Whiwell's  iSfifCpry  ^  Out  ifidiiMh€  MiMft,  vol.  I.  p.  0. 
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both  of  form  and  essence.  When  iheorieSy  however,  are  firmly 
established  and  recognised  as  indisputably  true,  so  as  to  require 
no  conscious  act  of  thought  in  their  application,  they  become 
faciSy  and  as  such  may  enter  into  the  foundation  of  more  com- 
prehensive theories. 

The  full  force  and  range  of  the  application  of  the  laws  of 
nature  are,  however,  only  manifested  when,  subsequently  to 
their  discovery  by  this  inductive  processy  they  are  employed  in 
the  converse  process  of  deduction,  to  resolve  the  various  cases 
which  were  originally  proposed  to  be  determined,  and  are  found 
to  include  under  their  government  not  only  these,  but  a  host  of 
others,  which  were  not  contemplated  in  the  first  investigation. 
It  is  then  that  the  most  ignorant  and  simple-minded  are  capable 
of  understanding  what  is  thus  rendered  most  self-evident ;  and 
the  multitude  of  such  governing  prin(^iples,  so  established  and 
registered  in  her  archives,  constitutes  the  great  advantage  of 
modem  science. 

§  5.  In  framing  the  hypotheses,  or  suppositions  which 
commonly  precede  the  discovery  of  the  real  laws  and  true 
theory  of  phenomena,  there  is  one  useful  guide  which  is  so 
often  referred  to  as  to  render  it  expedient  to  explain  its  nature 
and  appellation,  and  that  is  analogy,  or  similitude.  Design  soon 
becomes  apparent  in  the  order  of  creation ;  and  this  design,  as 
far  as  our  limited  faculties  can  trace  it,  is  uniform ;  and  in  the 
system  of  the  universe,  every  part  is  doubtless  proportioned  to 
the  whole.  No  intelligence  but  that  of  Omniscience  can 
comprehend  the  plan — the  theory  of  the  universe:  but,  from 
the  plan  of  such  small  portions  as  have  been  mastered,  we  are 
often  enabled,  successfully,  to  anticipate  the  order  of  other 
portions,  and  thus  to  obtain  a  guide  to  experiment,  to  which 
the  ultimate  appeal  must  always  be  made.  Analogy,  therefore, 
may  serve  to  suggest  and  limit  hypotheses;  and  of  such  con- 
ditional speculations  we  have  the  highest  authority  for  saying, 
that  "a  facility  in  framing  them,  if  attended  with  an  equal 
facility  in  laying  them  aside  when  they  have  served  their  turn,  is 
one  of  the  most  valuable  qualities  a  philosopher  can  possess*.'^ 
But,  after  all,  the  mind  must  not  be  allowed  to  rest  upon  any 
hypothesis  as  disclosing  the  real  cause  of  the  phenomena  which 
it  explains ;  for  this  would  prevent  any  effort  to  search  for  any 
other,  and   perhaps   the  true  cause.     The  history  of  science 

*  Herschel's  Discourse. 
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abounds  with  iT'arnings  of  this  error.  In  fact,  it  must  bo 
remembered  that  it  is  not  the  province  of  science  to  study 
causes  of  phenomena  or  the  mode  of  their  production;  the 
legitimate  use  of  hypothesis  is  to  furnish  a  bond  or  cement 
which  may  unite  a  number  of  insulated  facts,  which,  thus 
united,  are  often  capable  of  hidicating  new  phenomena. 

§  6.  Now,  to  apply  these  few  plain  principles  to  our  pre- 
sent purpose: — ^AVith  regard  to  precision  of  terms,  the  mere 
enunciation  of  the  object  of  the  followhig  pages  will  afford  us  an 
opportunity  of  exemplifj'ing  and  enforcing  our  meaning;  it  is  an 
inquiry  into  the  forces  or  powers  of  matter.  Let  us 
endeavour  to  ascertain  and  define  the  meaning  of  the  expressions 
MATTKR  and  force:  the  words  are  of  ccmimon  occurrence; 
but  have  we  that  distinct  notion  of  them,  those  clear  ideas  con- 
cerning their  import,  which  it  behoves  us  to  have,  in  the  strict 
and  accurate  investigation  upon  which  we  are  about  to  enter? 

§  7»  Our  first  knowledge  of  matter  is  derived  fn)m  our 
touch:  a  consciousness  of  resistance  in  surrounding  objects  to 
this  sense  with  which  our  bodies  have  been  endowed,  impresses 
us  with  a  conviction  of  their  substancey — of  their  extension, — 
of  their  itfipenetrahitity, — of  their  power,  that  is,  to  exclude 
every  thing  of  the  same  kind  from  being  in  the  same  place. 
This  tactile  property  is  possessed  by  different  parts  of  the  skin, 
in  very  different  degrees;  and  some  parts  of  the  body,  fnmi 
their  peculiar  organization,  are  capable  of  much  more  delicate 
impressions  from  objects  with  which  they  may  be  placed  in 
contact  than  others.  With  regard  to  extension,  for  instance, 
it  appears  from  the  experiments  of  Weber,  that  the  tips  of  the 
fingers,  or  the  tongue,  are  capable  of  appreciating  the  distance 
between  the  points  of  a  pair  of  compasses  which  are  only  one 
line  apart;  while  the  arm  or  tlie  thigh  would  confound  the  two 
impressions  togetlier,  even  at  the  distance  of  thirty  lines.  Those 
whose  touch  has  been  educated  by  practice  can  rule,  by  their 
feeling,  fine  linear  di\asions  which  are  totally  inappreciable  to 
the  most  experienced  eye. 

Some  philosophers  have  maintained  that  tlic  sense  of  touch 
alone  is  not  sufficient  to  convey  the  conception  of  form  or 
extension;  but  that  to  this  is  superadded  a  sixth  seme,  which 
they  have  termed  the  muscular  sense:  that  is,  the  conscious 
exertion  by  which  we  move  our  limbs.    T]ius  wc  ascertain  the 
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fonn  and  position  of  bodies,  by  perceiving  the  course  which  the 
fingers  take  in  order  to  follow  the  surface  of  the  body,  or  to 
pass  from  one  point  to  another.  The  muscles  of  the  body,  no 
doubt  are,  in  this  respect,  auxiliary  to  our  senses,  but  that  can 
scarcely  be  deemed  a  new  sense,  wliich  is  incapable  of  perform- 
ing its  functions  alone. 

Different  degrees  of  resistance  may  even  inform  us  of  the 
different  states  in  which  matter  exists:  a  touch  will  satisfy  us 
that  the  parts  of  some  bodies  are  immovable  amongst  each 
other;  that  the  particles  of  others  are  movable  with  little  resist- 
ance; while  the  passing  breeze  of  air  will  convince  us  that 
matter  exists  in  a  form  which  yields  to  the  lightest  breath.  A 
Uttle  reflection  upon  our  sensations  may  thus  establish  a  differ- 
ence between  solidy  liquid^  and  aertform  matter.  Experience, 
again,  and  the  oft-repeated  experiments,  it  may  be  said,  of 
infancy,  teach  us  to  combine  observations  of  touch  with  those 
of  sight  and  hearing;  and  thus  we  learn  to  substitute  the  indi- 
cations of  one  sense  for  those  of  another,  and  to  judge  of  distant 
forms  of  matter. 

If  we  be  curious  to  know  what  matter  is,  we  plunge  at  once 
into  that  deep  which  surrounds  us  on  every  side,  and  which 
never  yet  was  fathomed  by  hmnan  intellect. 

With  regard  to  its  ultimate  constitution,  we  cannot  hope 
to  attain  to  a  clearer  conception  than  that  which  presented  itself 
to  the  comprehensive,  but  hiunble,  mind  of  Newton;  and  that 
transcendent  philosopher  has  thus  embodied  the  result  of  his 
patient  investigations:— 

^^  It  seems  probable  to  me  that  God,  in  the  beginning,  formed 
MATTER  in  solid,  massy,  hard,  impenetrable,  moveable  particles, 
of  such  sizes  and  figures,  and  with  such  other  properties,  and  in 
such  proportion  to  space,  as  most  conduced  to  the  end  for 
which  He  formed  them;  and  that  those  primitive  particles^ 
being  solids,  are  incomparably  harder  than  any  porous  bodies 
compounded  of  them;  even  so  very  hard  as  never  to  wear  or 
break  in  pieces;  no  ordinary  power  being  able  to  divide  what 
God  himself  made  one  in  the  first  creation.'' 

But  this  hypothesis,  however  convenient  and  consonant  with 
our  prejudices,  is  not  absolutely  necessary  to  the  explanation  of 
natural  phenomena;  for  it  may  be  conceived,  according  to  the 
theory  of  Boscovich,  that  matter  consists  not  of  solid  particles, 
but  of  mere  mathematical  centres  of  forces  attractive  and  repul- 
sive, whose  relations  to  space  were  ordained,  and  whose  actions 
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are  regulated  and  maintained  by  the  Creator  of  the  universe. 
Both  h)T)otheses,  however,  agree  in  one  great  principle:  viz., 
that  the  properties  of  bodies  depend  upon  forces  emanating 
from  immovable  points  (whether  substantial  or  not  is  of  little 
importance,)  of  their  masses. 

§  8.  Now  it  is  no  less  necessary  to  test  the  accuracy  of 
our  notions  derived  from  common  observation  and  the  first 
impression  of  our  senses,  than  to  guard  against  the  careless 
adoption  of  ill-understood  generalizations  of  the  results  of 
experiment  in  our  after  progress;  and  we  must  be  particularly 
careful  to  correct  the  prejudices  which  are  but  too  apt  to  infect 
the  mind  from  this  first  fountain  of  our  knowledge.  With 
regard  to  the  absolute  hardness,  for  instance,  of  the  ultimate 
atoms  of  all  kinds  of  matter: — from  the  smooth  flowing  of 
water,  and  the  gentle  breathing  of  the  air,  we  derive  a  notion  of 
softness  which  we  can  scarcely  separate  from  the  constitution 
of  their  ultimate  particles;  but  if  we  take  a  portion  of  water 
in  a  glass  tube,  which  has  been  carefully  freed  from  air  by 
boiling,  and  aften^'ards  hermetically  sealed,  we  shall  find,  upon 
agitating  it,  that  the  particles  strike  one  another  with  a  ringing 
soimd,  quite  undistinguishable  from  that  derived  from  the 
collision  of  metals.  Such  a  little  apparatus  is  commonly  made, 
and  goes  by  the  name  of  the  water  hammer.  So  with  regard  to 
aeriform  matter;  a  mixture  of  airs  may  be  confined  in  a  mere 
film  of  water,  which  exploding  at  a  lighted  taper,  will  allow  the 
particles  of  the  atmosphere  to  rush  together  so  suddenly  as  to  pro- 
duce a  loud  report,  the  result  of  the  collision  of  aeriform  atoms. 
Again,  Newton  has  dra\ni  a  marked  distinction  between  the 
solidity  of  "primitive  particles"  and  that  of  the  bodies  com- 
pounded of  them;  asserting  that  the  latter  are  porous.  Some 
solid  bodies  we  at  once  perceive,  when  taken  in  masses,  are  full 
of  void  spaces,  or  pores;  their  solid  particles  appear  only  to 
touch  each  other  at  particular  points,  as  in  a  lump  of  sugar: 
but  we  have  difficulty  in  conceiving  that  the  particles  of  no 
bodies  touch  one  another,  and  we  seem  but  to  be  giving  fair 
credit  to  the  testimony  of  our  senses,  in  believing  that  the 
particles  of  a  solid  metal  must  be  in  dose  contact.  A  little 
reflection  again  may  correct  this  prejudice.  Many  metals  may 
have  their  density  increased;  t.  e.,  tlieir  particles  approxiiiMtedy 
by  mere  hammering  or  pressure;  but  to  this  tliere  is  a  limit:  all 
solids  may  have  their  particles  approximated  by  cold^  m4  to 
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this  no  limit  has  been  yet  ascertained.  Particles  which  admit 
of  such  nearer  approach  to  each  other^  cannot  of  course  be  in 
close  contact;  a  mass^  or  an  assemblage  of  such^  must  be  porous. 
Newton  admits  that  the  atoms^  even  of  the  densest  solid^  are 
placed  at  distances  from  one  another  infinitely  greater  than  their 
own  diameters. 

§  9.  If  we  are  liable  to  such  errors  of  judgment,  with 
regard  to  matters  of  direct  observation,  how  careful  ought  we  to 
be,  and  how  diffident,  in  embodying  notions  of  things  which  are 
wholly  beyond  the  cognizance  of  our  senses; — as  of  the  sizes, 
forms,  or  weights  of  the  ^^  primitive  particles,'^  or  atoms,  of 
matter.  We  can  carry  the  palpable  division  of  some  substances 
to  an  almost  inconceivable  extent,  but  we  have  no  reason  to 
suppose  that  we  thereby  even  approximate  to  their  ultimate 
atomic  resolution. 

A  gallon  of  water  weighs  70,000  grains;  one-tenth  of  a  grain 
of  green  vitriol  does  not  contain  quite  one-fiftieth  part  of  a  grain 
of  iron ;  if  we  dissolve  this  quantity  of  the  salt  in  the  water,  its 
diffusion  throughout  its  whole  mass  may  be  rendered  perfectly 
visible  by  the  addition  of  a  little  tincture  of  the  gall-nut;  «.  e,y  it 
may  be  proved  to  the  eye  that  each  grain  of  water  contains  the 
seventy  thousandth  part  of  the  fiftieth  of  a  grain  of  iron;  a 
quantity  far  too  minute  to  be  ascertained  by  the  most  delicate 
instruments,  and  of  which  the  imagination  itself  cannot  possibly 
frame  an  accurate  conception:  and  yet  we  dare  not  assert  that 
this  inconceivably  minute  quantity  bears  any  assignable  propor- 
tion to  the  weight  of  a  primitive  particle. 

§  10.  But,  to  proceed:  we  are  familiar  with  matter  in 
two  states;  viz. — at  rest;  or  undergoing  a  change  of  position  in 
space:  but  no  particle  of  matter,  nor  assemblage,  nor  compound 
of  particles  of  matter,  possesses  within  itself  a  power  of  chan^ng 
its  existing  state  of  motion  or  rest;  a  passive  quality  which  is 
generaUy  designated  by  the  term  inertia.  This  term,  how- 
ever, appears  to  have  been  not  very  happily  chosen;  inasmuch 
as  it  might  be  taken  to  designate  inactivity  with  regard  to  other 
bodies;  which  if  we  were  to  admit,  we  should  deny  that  inherent 
activity  by  which  it  is  probable  that  every  particle  of  matter  is 
capable  of  acting  upon  every  other  particle  in  the  universe. 

When  we  are  told  that  a  body  at  rest  would  for  ever  remain 
quiescent,   unless  it  were   to   receive  an  impulse  from   some 
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extraneous  power^  the  mind  at  once  assents  to  the  proposition; 
it  seems  to  agree  with  the  results  of  our  experience;  the  bodies 
which  surround  us  move  not  until  some  power  from  without 
sets  them  in  motion:  but  it  requires  some  reflection  in  those 
who^  for  the  first  time^  consider  the  subject^  to  perceive  that 
bodies  in  motion  would  for  ever  continue  to  move  unless  they 
were  stopped  by  some  exterior  power.  Connnon  and  careless 
observation  seems  to  contradict  this  part  of  tlie  proposition:  we 
know  of  no  motion  on  the  surface  of  the  earth  but  what  comes 
to  an  end,  unless  extraneous  power  be  applied  not  only  to 
produce  but  to  maintain  it.  This  prejudice  will,  however,  be 
corrected  by  the  observation,  that  all  such  moving  bodies  meet 
with  resistance  from  counteracting  forces;  and  that  the  heavenly 
bodies,  the  only  examples  \idth  which  we  are  acquainted  of 
unresisted  motion,  continue  constant  in  their  courses.  More- 
over, we  are  not  without  familiar  instances  of  tliis  tendencv  to  a 
persistence  in  a  state  of  motion.  If  we  suddenly  clieck  motion, 
in  an  oi>en  vessel  filled  with  a  liquid,  the  rigidit}'  of  all  the  parts 
of  the  solid  mass  brings  tliem  simultaneously  to  a  state  of  rest; 
but  the  mobility  of  the  liquid  particles  of  the  combination 
allows  of  their  continuing  in  motion  in  tlieir  original  direction, 
and  the  liquid  is  spilled.  The  careless  setting  down  of  a  pail  of 
water,  or  a  cup  of  tea,  may  thus,  with  proper  reflection,  illustrate 
an  important  principle. 

§  11.  Now  every  particle  of  matter  which  we  see  around 
us  is  under  the  influence  of  several  forces  exerted  upon  it  both 
by  distant  and  by  adjacent  particles;  and  upon  which  it  acts  in 
return:  for  the  action  of  one  body  upon  another  is  always 
accompanied  by  a  reaction  of  the  latter  upon  the  former,  of  the 
same  intensity  in  the  opposite  direction.  To  these  forces  the 
motions  which  we  observe  in  some  bodies  are  owing,  and  upon 
their  balance  the  apparent  state  of  rest  in  others  is  dependent: 
it  is,  therefore,  of  the  fiurst  importance  that  we  should  form  as 
accurate  a  notion  as  possible  of  the  meaning  of  the  general  term 
FORCE.  The  following  analysis  of  the  subject,  by  Sir  John 
Herschel,  clearly  refers  the  ori^n  of  the  idea  to  the  conscious- 
ness of  each  individual;  conscience  being  tlie  highest  form  of 
personal  experience*. 

'^  We  are  conscious  of  a  power  to  move  our  own  limbs,  and^ 
by  their  intervention^  other  bodies;  and  this  effect  is  the  result 

*  HsBScnsL's  Difonme,  p.  86. 
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of  a  certain  inexplicable  process  which  we  are  aware  of^  by 

which  we  exert  force;  and  even  when  such  exertion  produces 

no  visible  effect  (as  when  we  press  our  two  hands  violently 

together^   so   as  just  to   oppose  each  other's  effort)^  we  still 

perceive,  by  the  fatigue  and  exhaustion,  and  by  the  impossibility 

of  maintaining  the  effort  long,  that  something  is  going  on  within 

us,  of  which  the  mind  is  the  agent,  and  the  will  the  determining 

cause/'     In  the  case  of  force  exerted  by  the  right  hand^  and 

met  by  an  equal  force  from  the  left,  the  two  acting  in  opposite 

directions  exactly  neutralize  each  other,  and  no  motion  ensues; 

the  effect  is  pressure;  they  exactly  balance  one  another,  and 

may  be  said  to  be  in  equilibrio.     We  recognise  a  similar  power 

of  generating  force  in  other  animals  by  opposition  to  our  own, 

and  as  the  proximate  seat  of  it  is  in  the  muscles,  we  denominate 

it  musadar  or  animal  force.    This  force  n^ay  be  communicated 

to  inanimate  matter,  as  when  we  project  a  stone  from  the  hand; 

and  that  a  body  thus  set  in  motion  carries  force  with  it,  we  may 

feel  by  arresting  it  in  its  course.     Thus,  in  stopping  a  ball  at 

cricket,  we  experience  a  shock,  and  the  bones  of  the  hand  might 

even  be  firactured  by  the  blow  if  it  did  not  at  first  yield  a  little 

to  its  course.     It  may  be  concentrated  in  the  same  mass  by 

continued  action,  as  when  a  stone,  which  when  cast  from  the  hand 

will  inflict  a  comparatively  slight  injury,  is  continuously  acted 

upon  by  the  same  arm,  by  the  intermedimn  of  a  sling,  it  will  at 

length   be   projected  with   an   intensity  of  action  capable   of 

producing  very  violent  effects.     We  thus  learn  to  regard  motion 

in  matter,  however  produced,  as  the  effect,  and  indication  of 

force:  and  force  has  been  defined  as  ^^  that  which  is   capable 

of  producing  motion  in  matter,  or  of  stopping,  or  altering  its 

direction  when  produced.^' 

Velocity  of  motion,  or  the  distance  which  a  body  moves  in 
a  given  time,  may,  when  the  mass  remains  the  same,  be  taken 
as  a  measure  of  mechanical  force  (as  force  thus  transferred  to 
moving  masses  of  matter  is  called),  and  by  multiplying  the 
quantity  of  matter  in  a  body  by  its  velocity,  we,  in  all  cases, 
learn  its  momentum,  or  the  quantity  of  force  which  it  is  capable 
of  exerting  upon  other  bodies  opposed  to  it.  The  investigation 
of  the  laws  of  motion  constitutes  the  province  of  dynamics. 

§  12.  This  force,  which  we  can  exert  and  communicate 
at  will,  and  which  can  be  generated  by  all  animal  bodies,  we 
may  soon  become  sensible  may  be  opposed  by  other  forces 
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appertaining  to  inanimate  matter.  For  example : — ^in  lifting  a 
lump  of  iron,  or  lead,  or  stone,  from  the  ground,  we  are  con- 
scious of  the  same  kind  of  opposition,  and  consequent  exertion, 
as  when  we  violently  press  one  hand  against  the  other;  and 
whatever  opposes  force  must  be  force.  If  the  force  which  we 
apply  be  greater  than  the  opposing  force,  which  we  familiarly 
denominate  weighty  the  mass  is  raised;  but  we  may  so  adjust 
the  two,  that  they  may  be  in  equiltbrioy  and  then  no  motion  will 
be  perceptible ;  but  we  shall  feel  its  pressure^  and,  if  the  mass 
be  considerable,  we  shall  not  long  be  able  to  maintain  the 
balance,  from  exhaustion  and  fatigue,  and  the  mass  will  fall  to 
the  ground. 

Again,  by  pressing  with  the  arm  upon  a  strong  spring,  or  in 
drawing  a  bow,  we  feel  another  opposing  power,  which  we 
denominate  elasticity.  At  the  first  impression,  motion  may 
be  produced,  because  muscular  force  may  have  the  advantage, 
but  we  shall  soon  become  conscious  of  a  gradually-increasing 
opposition,  which  our  utmost  exertion  will  not  be  able  to  over- 
come ;  our  highest  degree  of  force  will  be  balanced ;  fatigue  on 
our  part  will  put  an  end  to  the  contest,  and  the  elastic  body  will 
return  to  its  former  state.  If  the  opposition  be  suddenly  with- 
drawn, and  the  bow  be  allowed  to  act  continuously  in  its  return 
upon  a  body  which  is  free  to  obey  the  impulse,  the  bolt  or  the 
arrow  will  have  a  projectile  force  communicated  to  it  of  con- 
siderable intensity,  as  in  the  case  of  the  stone  from  the  sling. 

§  13.  The  very  same  effect  may  be  produced  upon  the 
spring  or  bow  by  the  action  of  the  weight,  as  by  the  power  of 
the  arm;  and  if  we  were  to  place  the  mass  of  iron  upon  the 
former,  or  suspend  it  from  the  latter,  the  heavy  body  would  be 
supported,  and  the  elastic  body  would  be  bent.  Weight  may 
thus  be  opposed  to  elasticity,  and  at  a  certain  point  they  will 
balance  each  other :  at  this  point  no  motion  or  visible  effect  will 
be  produced ;  but  the  two  forces  will  not  on  this  account  cease 
to  act  any  more  than  in  the  case  of  the  opposite  pressure  of  the 
two  hands ;  they  will  exert  pressure  upon  each  other.  Each  of 
these  forces  having  been  separately  estimated  by  our  exertion 
and  consciousness  of  muscular  force,  when  opposed  to  them,  we 
cannot  resist  the  direct  evidence  of  our  senses,  that  ^'matter  is 
thus  capable  of  exerting  upon  matter  the  same  kind  of  efibrt  as 
that  which  we  iqppreciiite  from  a  mental  impression*.^ 

*  HsBSCHit.'s  DUemrm^ 
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The  exertion  of  force  necessarily  implies  resistance,  or 
reaction,  in  an  opposite  direction ;  and  a  force  is  effective  only 
when  the  resistance  is  called  into  play.  We  are  conscious  of 
the  ability  to  exert  muscular  force  at  our  will ;  but  we  cannot 
conceive  its  exertion  without  opposition.  So  with  a  common 
bell-spring;  we  know  from  experience  that  it  is  capable  of 
exerting  the  force  of  elasticity ;  but  if  we  hold  it  by  one  end 
only,  it  is  not  exerted.  If  we  hold  one  of  its  ends  in  each 
hand,  and  stretch  it,  we  feel  its  elastic  form,  which  we  oppose 
by  a  muscular  effort  of  one  hand,  necessarily  accompanied  by 
an  equal  effort,  in  the  opposite  direction,  of  the  other;  these 
efforts  may  be  replaced  by  the  gravity  of  a  weight  passing  over 
a  puUey  at  one  end,  balanced  by  an  equal  weight,  similarly 
acting  at  the  other  end.  A  curious  question  might  arise  upon 
such  an  arrangement :  Is  the  spring  stretched  by  the  sum  of  the 
forces  of  the  two  arms,  or  of  the  two  weights,  or  by  one  only  ? 

Let  one  end  of  the  spring  be  attached  to  a  fixed  support, 
and  it  will  be  found  that  the  same  effort  of  one  arm,  or  of  one 
weight,  applied  to  the  other,  will  stretch  it  to  the  same  amount 
as  before ;  the  force  of  the  other  arm,  or  of  the  other  weight, 
only  measured  the  amount  of  reaction  which  necessarily  accom- 
panies the  action,  and  which  is  now  borne  by  the  support. 

§  14.  There  are  several  varieties  of  force,  all  of  which  may 
either  mediately  or  immediately  be  referred  to  the  standard  of 
our  own  exertions.  Some  of  these  cause  masses  of  matter  to 
approach,  and  others  to  recede  from  each  other,  retaining  them 
in  their  second  position  against  an  opposing  force ;  the  former 
are  classed  together  under  the  name  of  attraction,  the  latter 
under  that  of  repulsion.  The  laws  of  these  motions,  and  of 
the  equilibrium  of  these  forces,  the  intellect  of  man  has  been 
able  to  develope;  but  the  origin  of  the  forces  themselves, 
though  clearly  perceived  to  be  various,  appears  to  be  beyond 
his  comprehension,  even  when  that  origin  is  in  his  own  will. 
We  cannot,  at  least,  refer  them  to  any  secondary  cause,  and 
we  must  be  content  to  know  that  they  are  powers  conferred 
upon  matter  by  the  will  of  the  Creator,  for  the  maintenance 
of  the  order  of  his  creation.  Thus  much  the  intellect  of  a  child 
can  comprehend,  and  to  nothing  more  did  that  of  a  Newton 
attain.  The  effort  which  we  feel  that  a  mass  of  iron  makes  to 
fall  to  the  ground,  is  due  to  an  attractive  force  between  it  and 
the  earth,  which  we  denominate  gravity,  and  is  an  imiversal 
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power  of  nature ;  that  which  we  feel  the  spring  make  to  recover 
its  first  position  when  we  press  upon  it  with  the  hand^  is  due  to 
the  repulsive  force  of  elasticity,  and  is  possessed  in  very 
different  degrees  by  different  kinds  of  matter. 

Before  we  proceed  to  inquire  into  the  laws  which  limit  the 
action  of  these  forces,  it  will  be  well  to  indicate  certain  other 
varieties  both  of  repulsion  and  attraction,  which  will  come 
within  the  scope  of  our  inquiry. 

§  15.  It  was  observed  by  the  ancients,  and  the  fact  is 
mentioned  by  Tlieophrastus,  that  when  a  piece  of  amber  is 
rubbed,  it  acquires  the  property  of  attracting  light  bodies.  The 
Greek  term  for  amber  being  electron,  the  unknown  cause  of  this 
phenomenon  has  been  called  elbctricity.  It  was  not  till  the 
commencement  of  the  seventeenth  century,  that  the  same  pro- 
perty was  found  to  be  conferred,  by  friction,  on  various  other 
bodies,  as  glass,  sealing-wax,  sulphur,  &c.;  and  later  still,  that 
any  two  dissimilar  substances,  when  rubbed  together,  with 
proper  precautions,  are  capable  of  exerting  the  same  attractive 
force.  Further  observation  has  shown,  that  after  bodies  have 
been  thus  attracted  to  the  rubbed  surface,  they  will  be  repelled 
from  it  by  an  equal  but  opposite  force :  and  the  phenomena  will 
be  presented  to  us  in  a  striking  light,  if  we  suspend  a  feather 
from  a  piece  of  silk,  and  approximate  to  it  a  tube  of  glass,  which 
has  been  rubbed  with  a  silk  handkerchief;  the  feather  will  be 
attracted  to  the  tube  from  a  considerable  distance,  and  after 
attaching  itself  to  it,  will  fly  off,  and  cannot  be  made  again  to 
approach  it.  Both  this  attraction  and  repulsion  will  overcome 
the  force  of  gravitation  in  the  feather,  and  by  its  opposition  we 
can  estimate  the  amount  of  either. 

§  16.  Again,  there  is  an  ore  of  iron  which  is  common  in 
Sweden,  which  has  received  the  name  of  loadstone,  from  the 
property  which  it  possesses  of  pointing,  when  freely  suspended, 
to  the  polar  star,  or  loadstar,  as  it  was  formerly  called ;  it  has 
been  known  from  remote  antiquity  to  possess  the  property  of 
attracting  small  pieces  of  iron :  it  is  said  to  have  abounded  in 
Magnesia,  a  province  of  Lydia,  and  is  mentioned  by  Pliny, 
under  the  name  of  magneSf  hence  the  property  derived  the 
name  of  magnetism.  It  is  capable  of  being  comnmnicated  ta 
bars  of  steel  by  frictiop»  which  are  alao  called  wjpirti.  Iftre 
take  two  bars  ao  pmptni,  and  balance  one  of  tibem  upon  s 
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pivot,  we  may  again  have  the  opposite  forces  of  attraction  and 
repulsion  exemplified  from  this  new  source ;  for  upon  approxi- 
mating one  end  of  one  magnet  to  a  certain  end  of  the  other, 
which  is  free  to  rotate,  they  will  approach  each  other  with  con- 
siderable energy ;  if  the  other  end  be  presented  to  it,  they  will 
separate  with  equal  velocity.  This  attraction  we  can  feel  and 
estimate  by  the  muscular  force  which  we  must  exert  to  pull 
away  a  piece  of  iron  which  is  under  its  influence.  Artificial 
magnets,  as  well  as  the  loadstone,  when  freely  suspended,  take 
up  a  definite  position  with  regard  to  the  poles  of  the  earth,  or 
the  extremities  of  any  other  magnet :  hence  this  property  has 
been  termed  polarity;  and  forces  which  are  conceived  to  act 
with  equal  intensity  in  opposite  directions  at  the  extremities  of 
the  axes  of  molecules,  or  of  masses  of  matter,  are  denominated 
polar  forces. 

The  forces  which  we  have  thus  designated  may  be  distin- 
guished as  EXTERNAL  FORCES,  for  they  act  upon  masses  of 
matter  at  sensible  distances;  there  are  others  which  act  only 
upon  its  constituent  molecides,  and  at  insensible  distances,  and 
may  be  called  internal  or  molecular  forces. 

§  17*  The  first,  and  most  general  of  these,  is  homogene- 
ous attraction^  or  cohesion.  If  we  take  two  masses  of  lead,  on 
which  two  perfectly  smooth  sur&ces  have  been  cut, — and  a 
cloven  bullet  will  answer  the  purposes  of  illustration, — and  bring 
these  planes  in  contact,  we  shall  find  that  they  cohere,  or  attract 
each  other  with  a  force  which  we  can  appreciate  by  a  muscular 
effort  to  separate  them ;  or  by  opposing  to  them  the  gravitation 
or  weight  of  another  body,  for  we  may  suspend  a  heavy  sub- 
stance to  them  without  forcing  them  asunder.  In  the  same 
way,  two  pieces  of  plate-glass  cohere  strongly  together  when 
brought  into  contact,  by  their  polished  faces.  It  has  often 
happened  in  manufactories  of  this  article,  that  the  plates,  which 
after  receiving  their  last  polish  are  placed  in  cases,  where  they 
are  arranged  like  books  in  a  book-case,  a  little  inclining  upon 
each  other,  have  been  found  to  have  contracted  so  strong  a 
cohesiony  as  not  to  be  separable  without  a  fracture ;  and  some- 
times three  or  four  plates  have  thus  become  so  incorporated  as 
to  bear  working  together,  and  cutting  with  a  diamond,  like  a 
single  plate.  Some  specimens,  which  were  selected  from  .the 
manufiactare  of  St.  Oobin,  were  found  to  be  thus  united  no  less 
intimately  than  if  they  had  been  fused  together;  and  when 


IG  HOMOGENEOUS  ATTRACTION. 

a  violent  degree  of  force  was  applied  to  make  them  slide  from 
each  other,  the  experimenter  was  surprised  to  find  that  the  sub- 
stance of  the  glass  was  actually  torn,  so  that  the  surface  of  one 
was  covered  with  large  flakes  detached  from  the  substance  of 
the  other. 

Another  example  of  this  force  is  afforded  by  the  running 
together  of  two  globules  of  mercury,  or  two  drops  of  water;  the 
moment  they  appear  to  touch  each  other  they  coalesce,  and 
become  one.  One  of  the  most  striking  illustrations  of  homo- 
geneous attraction  is  afforded  by  sifting  some  finely  powdered 
resin  upon  a  plate,  and  carefully  scattering  a  few  drops  of  water 
upon  it;  each  of  these  will  assume  an  almost  perfect  globular 
form,  from  the  equal  action  of  this  force,  in  all  directions  from 
the  centre  upon  the  exterior  film;  in  obedience  to  which  the 
particles  of  each  mass  are  free  to  move :  these  small  globes  may 
be  made  to  roll  about  in  all  directions,  like  solid  shot,  by 
inclining  the  plate.  When  made  gently  to  touch  each  other, 
they  still  continue  separate,  the  liquid  particles  being  defended 
from  actual  contact  by  the  light  dust  with  which  they  are 
powdered;  but  when  by  greater  violence  this  is  dispered,  they 
immediately  run  together. 

Some  measure  of  the  activity  of  this  force  in  liquids  is 
afforded  by  the  contraction  of  the  thin  film  which  constitutes  a 
soap-bubble.  If  such  a  bubble  be  blown  with  a  pipe,  and  the 
open  end  of  the  tube  be  directed  towards  tlie  flame  of  a  taper, 
the  flame  may  be  blown  out  from  the  reaction  of  this  contrac- 
tion upon  the  air. 

This  is  the  force  which  connects  the  particles  of  bodies 
together  in  the  solid  form  with  greater  or  less  energy,  and  which 
still  prevails  in  liquids,  though  reduced  to  a  less  amount  by  an 
opposing  force  which  we  must  presently  indicate.  We  have 
seen  from  our  experimental  illustrations,  how  gravity,  or  mus- 
cular force,  may  be  made  to  act  in  opposition  to  it,  and  the  two 
may  be  combined  to  such  a  degree  of  intensity  by  the  continu- 
ous action,  for  instance,  of  the  sledge-hammer,  that  the  cohesion 
of  the  hardest  solid  may  be  obliged  to  yield. 

§  18.  And  here  it  may  be  remarked,  that  time  b  an  im* 
portant  element  in  the  action  of  force.  When  a  mass  of  matter 
moving  with  a  certain  momentum  strikes  against  a  substance  whose 
cohesion  is  insufficient  to  resist  the  force  which  it  conveys^  the 
fracture  of  the  latter  is  the  consequence^  and  the  momentom 
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<»f  the  former  may  \k  destroyed;  but  if  a  greater  velodtj-  be 
given  to  the  moss,  it  may  pass  through  the  opposing  substance 
nith  little  comparative  injur}',  and  still  continue  to  move.  Thus 
a  leaden  bullet  projected  from  the  hand  may  demolish  a  plate  of 
^lass,  while  the  same  bullet  impelled  from  a  gun  will  pass 
through  the  plate,  and  pierce  it  with  a  small  hole,  without 
destroj-ing  the  cohesion  in  any  other  part.  In  the  practice  of 
artillery,  where  it  is  required  to  batter  down  walls,  or  the  sides 
of  a  ship,  the  charge  of  gimpowder  is  so  regulated  as  tliat  the 
projectile  may  not  be  carried  through  the  object  aimed  at;  as 
in  that  case  the  time  of  its  passage  is  not  sufficient  for  the 
transfer  of  the  force  from  the  moving  body. 

§  19.  Elasticity  also  may  be  made  to  act  against  cohesion; 
and  a  most  beautiful  instance  of  the  eguilibrium  of  these  two 
forces  is  presented  to  us  in  the  common  schoolboy's  plaything, 
called  a  Rupert's  drop.  This  is  a  drop  of  glass  suddenly  solidi- 
fied by  dropping  it  into  water:  its  cohesion  is  very  considerable, 
as  we  may  ascertain  by  the  force  which  would  be  required  to 
c;nish  it;  it  will  bear  the  pressure  of  half  a  hundred  weight 
without  injury.  Glass  is  also  a  body  endued  with  a  high  degree 
of  elasticity,  which  is  greatly  increased  by  heat.  When  the 
exterior  molecules  are  suddenly  cooled  tliey  contract,  and 
violently  compress  the  still  heated  interior  particles.  That 
these  retun  ^eir  state  of  tension,  and  strive  energetically  to 
recover  from  it,  even  after  they  are  cool,  is  proved  expcri- 
tneiitBlly.  If  we  grasp  the  drop  in  one  hand,  and  with  the 
other  break  off  the  point,  or  merely  scratch  the  surface,  we 
dinuniih  the  force  of  cohesion,  and  the  elasticity  assumes  the 
HCendency)  breaking  the  mass  to  an  almost  impalpable  powder, 
and  giving  a  violent  shock  to  the  hand  which  grasps  it.  By 
bedding  it  nnder  water,  in  a  stout  glass  bottle,  or  other  vessel, 
dio  effect  ia  rendered  still  more  striking;  for  upon  scratching 
the  Ru&ee  with  a  file,  not  only  is  the  drop,  but  the  containing 
Twelf  ihivered  into  a  thousand  fragments. 

{  80.  Bat  the  real,  and,  but  for  one  remarkable  excep- 
tion*  MMBerM/  antagonist  of  cohesion,  is  the  repulsive  force  of 
MATi  ntd  of  the  meaning,  again,  of  this  term,  our  conscious- 
HBHPSlftl  afford  the  best  explanation.  The  senaationa  of  the 
most  ignorant  teach  them  to  apply  a  meaning  to  the  terms 
hi/  and  cold,  which  the  moat  |diilosophic  definition  would  not 
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at  all  elucidate.  Common  experience  proves  to  us  that  the 
unknown  cause  of  these  sensations  is  an  agent  of  the  most 
powerful  and  active  kind :  we  find  it  continually  employed  both 
in  tlie  processes  of  nature  and  the  arts;  we  recognise  it  as 
destroying  some  substances^  melting  others^  rendering  others 
luminous,  and  converting  others  into  vapour.  The  hidden 
cause  of  all  these  effects  we  term  heaty  as  well  as  the  sensation 
which  it  produces  upon  our  organs.  Our  ignorance  occasions 
this  confusion  of  language,  and  we  only  attempt  to  disguise  that 
ignorance  when  we  substitute  the  term  caloric  for  the  myste- 
rious cause^  and  confine  the  term  heat  to  the  sensation  produced. 

When  we  take  a  half  flaccid  bladder,  and  expose  it  to 
any  of  the  common  sources  of  heat,  as  by  holding  it  before 
the  fire,  or  pouring  hot  water  upon  it,  we  invariably  commu- 
nicate a  repulsive  force  to  the  air  which  it  contains,  causing  the 
particles  to  recede  from  each  other,  and  distending  the  bladder 
to  a  degree  which,  if  properly  confined,  will  cause  it  to  burst, 
with  a  loud  report.  Here  again  we  may  feel  the  force  which 
causes  the  aerial  molecules  to  repel  each  other.  Common 
experience  has  also  taught  us  that  the  application  of  heat  will 
quietly  subdue  the  cohesion  which  binds  together  the  atoms  of 
the  most  solid  metal,  and  wliich  the  most  intense  mechanical 
force  can  only  very  partially  effect;  and  hence,  again,  we  judge 
of  the  energy  of  the  active  cause. 

Such  are  the  forces  of  homogenemis  attraction  and  repul- 
sion:— antagonist  powers  wliich  act  upon  the  constituent 
particles  of  the  same  kinds  of  matter, — matter  that  is,  of  the 
same  sensible  properties. 

§  21.  Referring  back  to  our  first  acquaintance  with 
matter,  we  have  not  only  been  assured  of  its  existence,  of  its 
substantiality,  of  its  impenetrability,  of  its  solidity,  of  its 
fluidity,  by  our  touch,  but  our  other  senses  have  discovered  to 
us  different  kinds  of  matter — matter  of  different  sensible  pro- 
perties. Our  taste  has  infonned  us  of  sapid  and  insipid,  of  acid 
and  sweet,  and  bitter  and  saline  matter;  our  organs  of  smell,  of 
odorous  and  inodorous  bodies;  our  sight,  of  blue  and  green, 
and  black  and  white,  transparent  and  opaque.  It  is  in  the 
reciprocal  action  of  bodies  of  such  different  essences  that  we 
trace  the  existence  of  our  next  active  force.  If  we  simply  dip  a 
piece  of  metal,  or  glass,  into  water,  and  withdraw  it,  we  shall 
have  an  illustratiou  of  it  in  the  wetting  of  the  solid;  a  portion 
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of  the  liquid  will  adhere  to  it:  we  can  estimate  the  amount  of 
the  force  by  the  weight  of  the  water  which  may  be  raised  under 
its  influence.  If  we  repeat  the  experiments  before  referred  to, 
of  placing  a  few  drops  of  water  upon  a  fine  dust,  substituting 
powdered  flint-glass  for  resin,  we  shall  be  able  to  contrast  this 
force  of  heterogeneous  atihesion  with  that  of  homogeneotu  cohesion: 
in  the  former  case  the  drops  of  water  assumed  a  spherical  form, 
under  the  influence  of  the  last  power;  in  the  latter  case  hetero- 
geneous adhesion  will  overcome  homogeneous  cohesion:  the 
powdered  glass  will  be  wetted,  and  the  water  will  be  absorbed. 

§  22.  The  last  force  which  it  will  be  necessary  to  specify, 
to  complete  this  general  view  of  the  forces,  is  chemical 
AFFINITY,  the  highest  degree  of  heterogeneous  attraction.  The 
action  of  this  marvellous  power  between  the  ultimate  particles 
of  diflferent  kinds  of  matter,  constitutes  matter  of  distinct 
qualities, — matter  dififering  in  essence  from  any  of  its  ingre- 
dients,— ^matter  possessing  no  sensible  property  in  common  with 
its  constituent  elements  but  that  of  their  gravity  combined. 
An  inquiry  into  the  laws  and  results  of  its  action  constitutes  the 
chemist's  peculiar  province.  It  has  been  named  affinity y  from 
a  supposed  relationship  of  substances  to  each  other,  which  fits 
them  for  intimate  combination. 

If  we  take  some  fragments  of  copper,  and  pour  some  aqua 
fortis  (nitric  acid)  upon  them,  intense  action  will  ensue  between 
the  liquid  and  the  solid;  abundance  of  aeriform  matter  will  be 
evolved;  the  acid  and  the  metal  will  both  disappear,  and  in 
their  stead  we  shall  find  a  saline  substance  of  a  beautiful  deep 
blue  colour;  the  weight  of  which,  together  with  that  of  the 
collected  air,  would  be  exactly  that  of  the  acid  and  metal  thus 
acting  upon  each  other  by  the  force  of  chemical  affinity.  The 
blue  matter  resembles  in  no  single  property  the  substances  from 
which  it  is  produced;  but  that  copper  enters  into  its  com- 
position may  easily  be  proved  by  dipping  a  piece  of  clean  iron 
into  its  solution,  when  the  metal  will  appear  upon  its  surface, 
with  aU  its  characteristic  properties. 

The  intimate  and  mutual  penetration  of  bodies,  under  this 
mysterious  force,  might  be  expected  to  elude  that  kind  of  com- 
parison and  measure  with  our  innate  energy  which  we  have 
established  in  the  case  of  the  other  forces  which  we  have  passed 
under  our  review:  indeed  it  is  not  easy  to  conceive  how  a 
molecular  action  of  such  a  kind  could  be  immediately  tested  by 

c  2 
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our  muscular  force;  but  mediately  this  may  be  done  by  a 
reference  to  the  force  of  cohesion,  which  is  directly  opposed  to 
it.  This  extraordinary  agent,  moreover,  presents  itself  to  us 
in  another  form,  in  which  having  elicited  it  from  the  distant 
reaction  of  two  masses  of  cold  metal,  by  means  which  it  will  be 
our  business  hereafter  to  investigate,  we  can  apply  it  to  effect 
the  essential  changes  upon  matter  which  are  the  distinctive 
results  of  its  operation,  and  at  the  same  moment  feel  its  power- 
ful influence  upon  our  muscular  frame,  contracting  its  fibres 
with  a  violence  which  no  spontaneous  exertion  of  our  self- 
generated  force  can  control. 

§  23.  These  illustrations  may  serve  the  useful  purpose  of 
fixing  upon  the  minds  of  beginners  in  science  some  definite 
notions  of  the  nature  of  the  forces  which  principally  concur  to 
the  production  of  chemical  phenomena;  but  to  constitute 
science  it  is  necessary  to  seek  out  the  laws  which  limit  and 
regulate  the  action  of  the  different  forces.  It  is  not  sufiicient 
to  know,  that  under  the  force  of  gravity  every  particle  of  matter 
attracts  every  other  particle  in  the  universe  and  is  attracted  by 
it;  it  is  necessary  that  we  should  measure  the  amount  of  the 
force  and  ascertain  the  influence  of  distance  upon  its  action. 
The  particular  laws  of  their  several  actions,  as  far  as  they  are 
conducive  to  chemical  results,  it  is  the  object  of  the  following 
pages  to  examine  and  illustrate;  and  for  this  purpose  we  will 
take  them  nearly  in  the  order  in  which  they  have  already  been 
notified;  and  first  with  regard  to  gravity. 

II.  GRAVITY— WEIGHT. 

§24.  The  attraction  of  gravitation  may  be  exerted  be- 
tween masses  of  matter  at  the  greatest  distances  from  each 
other;  it  is  that  sublime  power  which  the  astronomer  con- 
templates as  extending  between  all  the  bodies  of  the  solar 
system;  binding  the  planets  in  their  orbits,  and  reaching 
through  space  to  countless  odier  systems,  at  distances  of  which 
the  mind  of  man  strives  in  vain  to  form  an  adequate  oonoeption. 
With  this  stupendous  and  all-pervading  force  the  chemist  has 
little  concern^  except  as  acting  at  the  sarfaoe  of  the  eartli^  and 
conferring  the  property  which  we  call  weight. 

It  may  be  exempUfied  not  only  by  the  fiJl  of  a  body  tp  the 
earth,  but  by  the  approach  tcvwiiidB  each  otih«r  o£  manans  of 
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matter  which  are  finee  to  obey  the  mutual  impulse.  Thus, 
pieces  of  wood,  upon  the  surface  of  water,  are  attracted  towards 
each  other,  or  the  sides  of  the  containing  vessel;  and  the 
wrecks  of  ships  are  frequently  found  aggregated  together  upon 
the  surface  of  the  ocean. 

A  plummet,  or  weight  suspended  to  a  string,  is  commonly 
employed  to  indicate  a  line  directed  immediately  to  the  centre 
of  the  earth,  and  which  is  called  a  perpendicular.  This  is  the 
direction  of  gravitation,  which  acts  in  straight  Unes,  when  undis- 
turbed, at  the  sur&ce  of  the  globe.  The  same  plummet,  when 
suspended  by  the  side  of  the  abrupt  precipice  of  a  mountain, 
has  been  experimentally  found  to  deviate  from  this  perpen- 
dicular, having  been  drawn  aside  a  minute,  but  measurable, 
quantity  by  the  gravity  of  the  mass  in  whose  vicinity  it  had  been 
placed. 

In  common  language,  we  say  that  a  stone,  or  other  heavy 
body,  falls  to  the  earth:  but  the  influence  is  reciprocal;  the 
earth  is  attracted  by  the  stone  as  the  stone  is  by  the  eartlu 
The  action  is  directly  proportionate  to  the  quantity  of  matter 
which  each  mass  contains,  and  this  is  the  first  law  of  gravity. 
The  quantity  of  matter  in  the  stone  bearing  no  assignable 
proportion  to  the  mass  of  the  earth,  its  influence,  though  certain, 
is  inappreciable. 

§25.  Here  again  it  may  be  necessary  to  guard  against 
a  prejudice  derived  from  careless  observation,  and  inaccurate 
language:  lead  is  proverbially  said  to  be  heavy,  and  a  feather  to 
be  light,  and  when  a  mass  of  lead  and  a  feather  are  sufiered  to 
fall  together  to  the  ground  from  a  height  (when  abandoned,  that 
is,  at  the  same  moment,  to  the  action  of  gravity),  the  former 
reaches  the  bottom  sooner  than  the  latter;  gravity  appearing  to 
act  with  greater  energy  upon  one  than  the  other.  But  if  the 
experiment  be  made  in  a  space  void  of  other  matter,  the  action 
upon  both  will  be  found  to  be  equal;  they  will  both  Ml 
together,  and  we  shall  learn  that  the  retardation  of  the  feather, 
in  the  first  instance,  was  owing  to  the  large  surface  which  it 
presented  to  the  resistance  of  the  air.  In  vacuo  the  smallest 
particle  of  matter  and  the  largest  mass,  fall  through  equal 
spaces  in  equal  times.  Gravity,  in  short,  is  the  power  of 
transmitting  to  every  particle  of  matter  a  certain  velocity  abso- 
lutely independent  of  the  number  of  material  particles:  weight 
is  measured  by  the  effort  which  must  be  used  to  prevent  a 
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given  mass,  or  accumulation  of  particles,  from  obeying  the  law 
of  granty;  weight,  therefore,  depends  upon  the  mass;  gravity 
has  no  dependence  at  all  upon  it. 

§  26.  The  intensity  of  the  force  of  gravity  is  measured 
by  the  velodty  of  a  body  moving  unresisted  under  its  influence, 
and  is  such,  that  in  this  latitude  a  body  falls,  in  the  first  second 
of  time,  16.095  feet,  or  about  16  feet  and  one  inch. 

§  2?.  The  second  law  of  gravity  is,  tliat  bodies  attract 
one  another  in  inverse  proportion  to  the  squares  of  the  dis- 
tances of  their  centres,  to  which  their  action  may  be  referred. 
Now  this  is  the  law  which  regulates  the  action  of  all  central 
forces, — of  all  forces,  that  is,  which  emanate  from  a  centre,  and 
spread  tbemselvcs  around  that  centre;  and  its  generality  renders 
it  particularty  desirable  that  we  should  form  an  accurate  notion 
of  its  reason.  We  can  best  e^tplain  it  perhaps  by  reference  to 
light.  Common  experience  informs  us  that  the  intensity  of 
light  decreases  with  its  distance;  and  in  what  proportion,  a 
httle  consideration  will  enable  us  to  determine.  A  hghted 
taper  radiates  its  light  in  all  directions  alike;  if  we  imagine 
such  a  taper  placed  in  the  centre  of  an  opaque  globe,  four  feet 
in  diameter,  its  light  wiR  all  be  dispersed  over,  and  arrested  by 
the  surface  of  that  globe,  which  will  be  illuminated  with  a 
certain  degree  of  intensity.  If  we  now  imagine  it  removed  to 
tiie  centre  of  another  sphere,  six  feet  in  diameter,  the  same 
light  will  be  spread  over  the  taiger  surface,  which  will  of  course 
be  illuminated  in  a  less  degree.  The  distance  of  the  light  from 
the  surface  of  the  first  sphere  would  be  its  radius,  or  two  fleet; 
from  the  surface  of  the  second,  three  feet;  but  the  diminutions 
of  the  light  would  not  be  directly  as  2  to  3,  or  as  the  mere 
distances,  but  as  the  squares  of  2  and  3,  or  4  to  9;  for  it  can  be 
geometrically  demonstrated  that  the  surfaces  of  spheres,  or  any 
umilar  sections  of  spheres,  are  as  the  squares  of  their  radii  (1): 


.  (1)  The  principle  may  be  iL.»__w 
J  by  experiment,  in  the  fidlowing  mj>-~ 
-^  If  in  tbe  annexed  diagram,  I,  reprcBcnt 
^  a  board  of  a  foot  squ.ire,  placed  at  a 
4  certain  distance  from  u  light  at  a,  it 
will  just  shadow  ■  board  of  two  feet  a^nare,  S,  at  double  the  distance; 
of  «  board  of  three  feet  square,  3,  at  three  times  the  diHlance;  or  one 
rf  finir  fset  iqaare,  4,  at  fimr  tinei  tht  disbmee :  that  is  u>  say,  the 
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and  it  is  clear  that  in  each  case  the  light  is  spread  over  the 
whole  surfaces^  and  consequently  diluted  in  proportion  to  their 
surfaces.  In  the  same  manner^  and  after  the  same  law,  the 
action  of  gravity  is  diluted^  if  the  expression  be  allowable,  upon 
distant  masses. 

§  28.  If  a  gravitating  body  be  freely  suspended  by  a 
string,  or  rod,  from  a  fixed  point,  it  will  hang  in  a  vertical  posi- 
tion; but  if  it  be  moved  from  that  position  by  a  force  laterally 
directed,  it  will  rise  in  the  arc  of  a  circle,  of  which  the  point  of 
suspension  will  be  the  centre,  under  the  joint  action  of  the 
moving  force  and  the  tension,  or  cohesion,  of  the  rod  or  string. 
^Tien  it  has  reached  the  point  at  which  its  moving  force  is 
destroyed  by  the  counteracting  forces  of  gravitation  and  cohe- 
sion, it  win  immediately  begin  to  descend  under  the  force  of 
gravitation  in  the  same  arc;  and  when  it  reaches  the  vertical 
position,  it  will  have  acquired  a  momentum  which  would  tend  to 
carry  it  forwards  in  a  horizontal  direction;  the  tension  of  the 
string  will,  however,  cause  it  still  to  move  in  the  circle,  of  which 
the  point  of  suspension  is  the  centre,  and  it  will,  after  passing 
the  vertical  line^  rise  through  a  similar  arc  on  the  opposite  side, 
until  its  velocity  is  destroyed,  which  if  no  other  forces  than 
gravity,  and  its  antagonist  cohesion,  were  to  act,  would  be, 
when  it  reached  a  height  equal  to  that  from  whence  it  first  fell: 
from  this  it  will  again  descend,  and  passing  the  vertical,  rise  to 
the  first  height;  and  it  would  thus  continue  to  oscillate  for  ever 
but  for  coimteracting  forces.  The  oscillations  of  an  invariable 
pendulum,  as  such  an  apparatus  is  called,  are  sensibly  performed 
in  equal  times,  or  are  isochronous,  even  when  the  arc  gradually 
diminishes  from  retarding  forces. 

The  length  of  a  pendulum  vibrating  seconds,  in  the  latitude 
of  London  (51°  31'  08''  n.),  in  vacuo,  at  the  level  of  the  sea,  has 
been  accurately  determined  to  be  39.139  in. 

The  force  of  gravity,  which,  on  account  of  the  figure  of  the 
earth,  varies  slightly  in  intensity  from  the  poles  to  the  equator, 
may  be  determined  for  different  places  by  the  velocity  of  a 


light  which  is  concentrated  upon  the  first  board  would  be  diffused 
orer  four  times  the  space,  if  suffered  to  fall  upon  the  second ;  or  over 
nine  times  the  space  upon  the  third;  or  sixteen  times  upon  the  fourth. 
The  boards  may  be  considered  (without  any  appreciable  error)  as 
similar  sennents  of  spheres,  of  the  radii  of  their  several  distiinces. 
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standard  pendulum^  it  being  directly  proportional  to  the  squares 
of  the  number  of  vibrations  in  equal  times:  or^  as  the  lengths  of 
pendulums  are  inversely  proportionate  to  the  square  of  the 
number  of  their  vibrations  in  equal  times,  the  force  of  gravity 
may  be  determined  for  any  place,  by  measuring  the  length  of 
the  pendulum,  which  beats  seconds  at  that  place. 

§  29.  Momentum  may  be  accumulated  to  an  enormous 
degree  in  very  large  masses  thus  suspended,  by  forces  which  at 
their  first  application  appear  to  be  totally  inadequate  to  move 
them.  By  making  repeated  impulses  coincide  in  time  and 
direction  with  the  first  minute  oscillationSy  the  arc  will  gradually 
increase  until  a  great  degree  of  velocity  is  produced;  and  the 
force  which  is  thus  stored  up  is  capable  of  producing  a  corre- 
sponding concentrated  effect. 

§  30.  According  to  the  first  law  of  gravity,  the  force  with 
which  the  earth  acts  upon  any  body  at  its  surface,  is  in  direct 
proportion  to  the  quantity  of  matter  which  it  contains:  hence 
the  measure  of  the  force  becomes  the  criterion  of  quantity:  and 
the  weight  of  a  body  is  the  exact  amount  of  force,  expressed 
with  relation  to  some  known  standard,  which  is  just  sufficient 
to  prevent  that  body  falUiig  to  the  ground.  The  commonest 
mode  of  ascertaining  this  is  to  oppose  the  known  effect  of  the 
gravity  of  certain  pieces  of  metal  which  have  been  compared 
with  some  conventional  standard  i;vdth  the  greatest  possible 
exactness,  to  the  unknoifvn  gravity  of  the  substance  whose  weight 
or  quantity  of  matter  has  to  be  determined.  A  pound  is  a  mass 
of  matter  which  has  been  thus  adjusted;  and  the  common  busi- 
ness of  life  has  rendered  most  men  familiar  vnth  the  multiples 
and  sub-multiples  of  this  weight,  and  the  denominations  of  tons, 
hundred-weights,  ounces,  grains,  &c.,  which  have  been  con- 
ferred on  them.  Tlie  standard  measure  of  this  country  is  the 
imperial  gallon  of  277-274  cubic  inches,  (the  inch  itself  having 
reference  to  the  force  of  gravity,  or  the  length  of  the  pendulum 
vibrating  seconds,)  and  the  weight  of  pure  water  which  it  con- 
tains is  lOlbs.,  or  70,000  grains.  The  method  of  comparison^ 
by  means  of  the  balance,  is  also  well  known. 

§  31.  The  balance  consists  essentiaUy  of  an  uniform 
inflexible  lever,  delicately  supported,  at  its  centre  of  gravity,  on 
a  fine  knife-edge,  and  carrying  scale-pans  freely  suspended  from 
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points  in  the  same  horizontal  line  with  the  centre  of  gravity.  If 
the  weights,  or  quantities  of  matter,  in  each  be  equal,  tlie  one 
will  counterbalance  the  other,  and  the  beam  will  remain  hori- 
zontal; if  not^  the  heavier  will  preponderate.  Lightness  of 
constraction,  and  freedom  of  motion,  are  secured  by  many  inge* 
nious  contrivances,  upon  which  it  would  be  foreign  to  our  pre- 
sent purpose  to  dwell.  A  good  balance  will  indicate  by  its  turn 
Toioo^^  ^^  €006 o^^  ^f  *^®  weight  which  it  is  designed  to  carry, 
and  will  freely  move  with  the  difference  of  joVo^h  of  a  grain. 

§  32.  Equality  in  the  length  of  the  arms  of  the  lever  is, 
of  course,  the  most  important  consideration  in  the  construction 
of  the  balance;  but  when  there  may  be  any  reason  to  doubt  this 
essential  point,  it  is  well  to  know  that  any  error  may  be  avoided 
by  the  method  of  double  weighing.  This  consists  in  placing  the 
object  whose  weight  is  to  be  ascertained  in  one  scale-pan,  and 
exactly  counterbalancing  it  in  the  other,  not  with  the  weights, 
but  with  sand  or  shot,  or  any  other  indifferent  substance.  It 
is  then  removed,  and  the  weights  applied  in  the  same  pan,  till 
the  counterpoise  is  balanced.  By  this  contrivance  the  unknown 
quantity  of  matter  is  compared  with  the  known,  under  exactly 
equal  circumstances,  and  the  result  is  independent  of  almost 
every  source  of  error  which  can  affect  the  comparison  of  one 
object  with  another.  An  object  may  also  be  correctly  weighed 
in  an  incorrect  balance  by  changing  the  object  and  the  weights 
from  one  pan  to  the  other.  The  mean  of  the  two  weighings 
may  be  mathematically  proved  to  be  correct. 

§  33.  The  second  law  of  gravity  has  little  to  do  with  the 
determination  of  weight,  and  for  this  purpose  may  safely  be  dis- 
regarded; for  any  variation  of  the  distance  from  the  centre  of 
the  earth,  at  which  we  may  carry  on  our  operations,  is  so  small, 
with  r^ard  to  the  whole,  as  to  be  perfectly  insignificant,  although 
not  inappreciable  to  the  refinements  of  modem  science.  The 
mean  radius  of  the  earth,  or  the  distance  from  the  centre  to  the 
surface,  is  about  3,941  miles;  and  supposing  that  we  had  to 
determine  the  weight  of  an  object  on  the  summit  of  a  mountain 
one  mile  in  height,  the  force  of  gravity  would  be  decreased  in 
the  ratio  3942":  3941%  which  would  make  a  difference  of  about 
one  ounce  in  a  ton  weight.  This  difference  would  not  of  course 
be  apparent  in  the  usual  manner  of  weighing,  by  means  of  the 
balance;  for  the    decrease   of  gravity  would  affect  both   the 
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weight  and  the  object  to  be  weighed  in  the  same  degree;  but  it 
might  be  measm^d  by  the  opposition  of  another  force,  as  that  of 
elasticity.  A  spring  which  would  be  bent  to  a  certain  degree  by 
a  ton  weight,  at  the  surface  of  the  earth,  would  require  a  ton 
weight  and  one  ounce  to  bend  it  to  the^same  amount  on  the 
summit  of  the  mountain. 

§  34.  Every  substance  in  nature,  occupying  a  given 
space,  is  found  to  have,  under  the  same  circumstances,  a  weight 
specific  or  peculiar  to  itself;  or,  in  other  words,  the  same  volume 
of  different  kinds  of  matter  contains  different  quantities  of 
matter.  The  comparative  weights  of  equal  bulks  of  different 
bodies  are  called  specific  gravities.  This  is  a  very  important 
distinctive  property  of  matter,  and  one  to  which  the  chemist  has 
perpetual  occasion  to  refer.  In  comparing  specific  gravities  it 
has  been  found  convenient  to  refer  them  to  a  fixed  standard, 
and  water  has  been  generally  adopted  for  this  purpose,  as  being 
easily  procurable  in  most  times  and  places. 

§  35.  The  mode  of  taking  the  specific  gravity  of  a  liquid 
is  very  simple  and  easy  of  execution.  A  small  stoppered  flask 
is  prepared  to  contain  exactly  1000  grains  of  pure  water;  tliis 
is  filled  with  the  liqmd,  and  placed  upon  the  balance;  in  the 
opposite  pan  is  placed  the  counterpoise  of  the  bottle  when 
filled  with  water,  and  when  heavier  than  water  so  much  weight 
as  will  adjust  the  beam.  If  the  liquid  be  lighter  than  water  the 
weight  must  be  placed  in  the  same  pan  with  the  bottle. 

In  the  first  case  the  weight  in  grains  added  to  1000,  and  in 
the  second  case  deducted  from  1000,  will  give  the  specific  gra- 
vity sought.  Thus  the  same  bottle  which  held  1000  grains  of 
water,  was  found  to  contain  only  839  grains  of  spirits  of  wine; 
and,  taking  water  as  1,  the  specific  gravity  of  the  spirit  is  said 
to  be  0.839. 

§  36.  It  would  be  impossible  thus  directly  to  compare  a 
given  volume  of  any  solid  body  with  an  equal  volume  of  water; 
were  there  no  other  obstacle^  it  would  require  a  nicety  of  men- 
suration and  workmanship  which  would  be  quite  unattainable. 
But  the  same  end  may  be  obtained  with  perfect  aocuracy  by 
means  which  are  easily  applied.  The  rule  is  to  wei^  tiie  floGd 
in  air  and  afterwards  in  water^  and  haying  found  the  deficiency 
of  the  latter  wetg^t,  to  divide  by  it  the  farinor^  and  llie  qoolfatft 
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wiQ  be  the  required   specific  gravity.     Now  there  is  nothing 
more  injurious  to  the  progress  of  a  student  in  any  science  than 
the  acquirement  of  such  rules  by  rote^  without  a  thorough  com- 
prehension of  the  principles  upon  which  they  are  founded;  they 
may  thus  be  rendered  available  for  mere  practical  purposes^  but 
they  are  utterly    useless  as   steps   in  his   advancement.     For 
instance,  how   many  thousand  persons  are  there  who  can  (to 
make  use  of  a  common  expression)  work  the  rule  of  three^  with- 
out in  the  least  understanding  the  doctrine  of  proportion  upon 
which  it  is  founded  ?     With  less  trouble  than  it  takes  them  to 
learn  and  recover  the  rule^  which  they  are  in  constant  danger  of 
forgetting,  they  might  attain  to  a  knowledge  of  its  principles^ 
which  would   not  only  be  of  general  application,  but  a  help  to 
farther  improvement.     A  little  consideration  will  be  sufficient 
to  render  the   principles  of  the  above  process  perfectly  dear. 
When  a  solid  is  wholly  immersed  in  water,  it  obviously  displaces 
a  bulk  of  that  liquid  exactly  equal  to  its  own^  which  bulk  was 
supported  in  its  place  by  a  pressure  from  the  surrounding  par- 
tides  equivalent  to  its  own  gravity:  this  may  be  easily  proved 
by  the  ^miliar  illustration  of  a  bucket  in  a  weU.     When  the  fall 
backet  is  wholly  immersed  in  the  water,  it  requires  scarcely  any 
effort  to  draw  it  to  die  surface;  but  the  moment  it  rises  above 
the  water  the  weight  of  the  water  is  felt,  being  no  longer  sup- 
ported by  die  surrounding  liquid.     In  the  process,  therefore,  of 
taking  specific  gravities,  the  solid  immersed  must  also  be  sup- 
ported by  the  surrounding  water  with  a  force  exacdy  equal  to 
the  weight  of  the  water  which  it  has  displaced,  and  thus  the 
difference  of  its  weight  in  water  from  that  of  its  weight  in  air 
must  be  the  weight  of  an  equal  bulk  of  water.     The  direct  com- 
parison of  the  substance  with  water  having  been  thus  effected,  a 
number  bearing  the  same  ratio  to  unity  is  easily  found  by  the 
rule  of  proportion^  and  this  will  be  the  specific  gravity.    An 
example  may^  perhaps^  render  this  more  clear.    A  lump  of 
glass  is  found  to  weigh  in  air  577  grains;  it  is  delicately  sus- 
pended by  a  horse-hair  from  the  bottom  of  the  scale-pan,  and 
immersed  in  a  vessel  of  pure  water,  it  is  found  to  weigh  399.4 
grains;  the  loss^  therefore^  or  the  weight  of  an  equal  bulk  of 
water,  is  177.6  grains;  then  177-6  :  1  : :  577  '  3.2;  the  working 
of  which  sum  resolves  itself  into  the  division  of  the  third  term 
by  the  first,  or  of  the  weight  in  air  by  the  loss  in  water,  accord- 
wg  to  the  rule.     The  quotient  3.2  being  the  specific  gravity  of 
Ae  glass. 
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Solid  bodies^  lighter  than  water^  such  as  cork^  may  be 
weighed  by  attaching  them  to  a  mass  of  metal^  or  glass^  pre- 
viously balanced  in  water  for  that  purpose^  which  may  cause 
them  sink^  and  then  proceeding  with  the  combined  mass  as 
before. 

§37*  The  same  principles  may  be  applied  to  ascertain 
the  specific  gravity  of  liquids,  instead  of  the  specific-gravity 
bottle;  for  as  a  bulb  of  glass  immersed  in  water  is  buoyed  up 
by  a  force  equivalent  to  the  weight  of  an  equal  bulk  of  water; 
so  when  immersed  in  any  other  liquid,  it  will  be  supported  by  a 
pressure  equal  to  the  weight  of  a  similar  bulk  of  that  liquid. 
Thus  the  mass  of  glass  which  lost  177-6  grains  by  immersion  in 
water,  was  found  to  lose  only  149  grains  by  being  plimged  into 
the  spirits  of  wine,  and  their  two  amounts  are  consequently 
the  weights  of  equal  bulks  of  water  and  spirit;  therefore 
177*6  :  1  :  :  149  :  0.839,  the  specific  gravity  of  the  spirit. 

§  38.  It  is  upon  the  same  principle  that  the  specific 
gravities  of  liquids,  which  do  not  differ  much  from  one  another, 
may  be  determined  by  the  hydrometer  (2).  This  instrument 
consists  of  a  hollow  ball  of  glass,  or  metal,  with  a  weight  below  it, 
and  a  slender  stem  above,  divided  into  a  certain  number  of 
degrees  by  marks;  in  pure  water  it  is  adjusted  to  float  to  a 
particular  mark;  tliat  part  of  the  stem  which  is  out  of  the 
liquid  acts  as  a  weight  to  keep  it  in  its  place.  When  immersed 
in  a  lighter  liquid,  such  as  spirit,  the  lateral  pressure  is 
diminished,  and  not  being  sufficient  to  support  the  same 
weight  as  before,  the  instrument  sinks,  till  a  portion  of  the 


(2)  The  annexed  figure  represents  Sikes's  hydro- 
meter. A,  is  a  hrass  hall,  into  which  a  conical  stem,  F, 
is  inserted,  terminating  in  a  loaded  ball,  b;  at  d  a  flat 
stem  is  inserted,  which  is  graduated  into  eleven  equal 
parts,  each  of  which  is  subdivided  into  two;  eight  cir- 
cular weights,  E,  are  adjusted  to  the  instrument,  in 
which  a  slit  is  cut,  so  as  to  admit  the  slender  part  of 
the  lower  stem  into  the  hole  in  the  centre  of  the  weight; 
their  use  is  to  adapt  the  instrument  to  liquids  heaner 
than  water.  A  set  of  tables  are  fbmiihed  with  the 
instrument,  by  which  the  specific  gravitj  of  a  spirit  if 
easily  ascertained  after  an  obterraUon  of  the  degree 
upon  the  stem  to  which  it  rinks. 
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stem  becoming  immersed^  its  weight  is  decreased,  a  larger 
Tolume  of  the  liquid  is  displaced  and  the  balance  again  restored. 
Sometiines  the  instrument  is  adjusted  to  different  liquids  by 
moveable  weights^  while  the  graduations  of  the  scale  are  made 
to  express  the  specific  gravities  by  the  degree  to  which  it 
sinks. 

§  39.  From  what  has  been  said,  it  will  upon  reflection 
be  clear,  that  i^hen  in  ordinary  circumstances  a  bulky  body  is 
counterpoised  by  a  weight  of  very  dense  matter,  an  allowance 
ought  to  he  made  for  the  unequal  buoyancy  of  the  air;  and  this 
may  be  rendered  evident  by  balancing  a  piece  of  cork  with  a 
counterpoise  of  metal,  and  afterwards  placing  them  in  a  space 
devoid  of  air^  when  the  former  will  preponderate.  If  the 
volume  of  the  cork  were  2.5  cubic  inches,  it  would  require 
nearly  half  a  grain  to  restore  the  balance,  this  being  about  the 
difference  of  the  weights  of  the  air  which  the  two  bodies 
displaced.  For  ordinary  purposes  the  effect  is  too  small  to 
require  to  be  taken  into  consideration,  but  in  nice  scientific 
investigations,  such  as  the  determination  of  the  weight  of  gases, 
it  is  often  estimated. 

But  the  force  with  which  a  body  is  attracted  to  the  earth, 
and  consequently,  the  quantity  of  matter  which  it  contains, 
may  he  measured  by  opposing  to  it  other  forces  than  that  of 
gravity.  We  can  even  roughly  judge  of  different  weights  by 
the  dbBferent  degrees  of  muscular  exertion  necessary  to  support 
them;  and  we  have  already  had  occasion  to  refer  to  a  method 
of  estimating  them  by  the  compression  of  a  spring.  This 
observation  will  naturally  lead  us  to  the  consideration  of  our 
next  force;  namely,  elasticity. 

III.  ELASTICITY— THE  ATMOSPHERE. 

§  40.  The  immediate  resistance  of  a  body  to  compres- 
sion, or  extension,  is  properly  called  its  elasticity.  It  has  been 
exemplied  by  the  sensible  effort  of  a  compressed  spring,  and  a 
bent  bow,  to  recover  from  their  forced  state  of  flexure.  It  is 
directly  proportionate  in  perfectly  elastic  bodies  to  the  com- 
pressing force;  and  this  is  the  law  of  its  action.  If  a  bow  be 
drawn  to  a  certain  extent  by  a  seven  pounds  weight,  it  will  be 
drawn  to  douhle  that  extent  by  fourteen  poimds;  and  upon  this 
principle  various  spring-balances  have  heen  contrived. 
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The  kind  of  elasticity  to  which  we  have  hitherto  referred 
arises  from  a  force  longitudinally  applied,  and  a  partial  dis- 
placement of  the  particles  of  a  solid  in  length,  and  is  denomi- 
nated yZeo^'i/re;  a  second  kind  consists  in  the  lateral  displacement 
of  the  opposite  parts  of  a  solid,  in  opposite  directions,  the 
central  parts  only  remaining  in  their  natural  state,  and  is  called 
torsion  or  twisting.  Elasticity  thus  elicited  may  be  very  accu- 
rately measured  by  the  angular  displacement;  the  angle  of 
torsion  being  exactly  proportionate  to  the  degree  of  elasticity. 
Balances  of  the  greatest  delicacy  have  been  constructed  upon 
this  principle,  for  the  estimation  of  minute  degrees  of  force. 

But  solid  bodies  are  only  more  or  less  elastic  within  certain 
limits;  the  operation  of  forces  beyond  these  limits  first  produces 
a  permanent  alteration  or  change  of  figure,  which  is  called 
setting^  and  aften*'ards  yrac^wre.  The  most  perfect  examples  of 
elasticity  arc  afforded  by  aeriform  bodies,  and  the  atmosphere 
which  surrounds  us  furnishes  a  beautiful  illustration  of  the 
equilibrium  of  this  force  and  gravity,  a  correct  understanding  of 
which  is  of  the  greatest  importance. 

§41.  With  regard  to  matter  in  the  aeriform  state, 
common  experience  is  by  no  means  sufficient,  as  with  solids 
and  liquids,  to  teach  us  how  to  collect,  confine,  or  weigh  it; 
and  it  was  not  till  the  time  of  Galileo  (or  early  in  the  seven- 
teenth century,)  proved  that  die  air  had  a  definite  weight  and 
pressure;  and  it  was  some  time  after  this  that  Dr.  Priestley 
contrived  the  simple  means  which  are  still  in  use  for  experi- 
menting with  such  fluids.  Aristotle  indeed  appears  to  have 
happily  guessed  the  truth;  and  Plutarch  informs  us  that  he 
assigned  the  gravity  of  air  to  be  between  that  of  fire  and  earth; 
but  the  surmise  appears  to  have  led  to  no  particular  con- 
sequences, and  to  have  been  forgotten. 

§  42.  If  we  take  a  bell-glass  and  press  it  with  its  mouth 
do^i'nwards  into  a  deep  vessel  of  water,  we  find  a  strong  resis- 
tance to  its  descent,  which  arises  firom  the  body  of  air  confined 
beneath  it;  as  we  press  upon  it  more  and  more^  we  ieel  a 
stronger  and  stronger  opposition  or  repulsive  force;  the  water 
rises  further  into  the  interior,  and  the  air  occupies  a  less  spaoe; 
as  we  withdraw  the  pressure^  it  returns  to  its  former  bulk^  and 
totally  displaces  the  water.  Hence  we  may  learn  that  the  air  is 
elastic,  like  the  spring  to  which  we  have  just  refiened;  and  we 
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can  roughly  estimate  by  our  feeling  that  its  elasticity  increases 

in  proportion  to  the  force  with  which  it  is  compressed.     We 

leam  likewise  from  the  same  simple  experiment  that  the  volume 

decreases  with  the  increase  of  pressure.    The  law  of  its  elasticity 

was  originally  develo{>ed  by  Boyle^  but  Mariotte  more  accurately 

determined  by  experiment  that  the  volume  of  air  was  always 

inversely  as  the  pressure  (3).    Elastic  fluids  of  this  nature  always 

occupy  the  whole  of  any  vessel  in  which  they  may  be  contained^ 

whatever  their  quantity  of  matter  may  be^  as  determined  by  their 

weight;  liquids  or  fluids  devoid  of  this  power  of  elasticity^  in 

vessels  which  they  do  not  fill^  always  present  a  level  surface^ 

—t.  e.,  a  surface  parallel  to  the  general  surface  of  the  globe. 

This  is  determined  by  gravity,  the  law  of  which  they  are  free  to 

obey,  unopposed  by  any  counteracting  force;   the  surface  of  an 

elastic  fluid  is  always  coincident  with  that  of  the  containing  vessel 

in  which  it  is  confined. 

§  43.  If  we  take  a  strong  tube  or  barrel  of  metal  or  glass, 
closed  at  one  end,  and  closely  fitted  at  the  other  with  a  piston, 
or  moveable  plug  of  leather,  which  will  not  allow  of  the  passage 
of  air  at  its  sides,  on  pressing  it  downwards  we  shall  find  the 
same  kind  of  increasing  resistance  from  the  included  air,  as  in 
the  case  of  the  bell-glass  under  water.  This  elastic  force  may  be 
made  to  perform  mechanical  work;  and  if  the  piston  be  per- 
forated, and  the  perforation  be  covered  with  a  valve,  or  little 
door,  opening  upwards,  as  we  press  it  down  the  elasticity  of  the 
air  will  raise  the  valve  and  allow  it  to  escape,  and  the  piston 
will  freely  descend.     If  we  attempt  again  to  draw  the  piston  up. 


(3)  This  figure  represents  the  fonn  of  Mariotte's  expe- 
riment. A  B  is  a  glass  tube,  turned  up,  and  closed  at  the 
end,  c;  it  ia  divided  and  graduated  into  equal  parts;  mer- 
cury  is  poured  into  it,  so  as  to  occupy  the  lower  part  of  the 
tube  to  the  first  horizontal  line,  and  a  portion  of  air  is 
inclosed  at  c,  of  the  ordinary  elasticity,  which  it  will  be 
hereafter  seen  is  equal  to  the  pressure  of  about  thirty  inches 
of  mercury.  If  more  mercury  be  now  poured  into  the 
longer  leg,  so  that  it  may  stand  at  thirty  inches  above  the 
level  of  the  mercury  in  the  shorter  leg,  it  will  press  with  its 
whole  weight  upon  the  included  air,  which  will  then  be 
found  to  occupy  only  half  its  former  space.  If,  in  like 
manner,  the  column  of  mercury  be  increased  to  twice  this 
length,  the  pressure  upon  the  included  air  will  be  tripled, 
And  the  space  occupied  by  it  will  be  reduced  to  one- 
third,  &c 
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we  ahall  feel  a  strong  opposition  in  the  contrary  direction.  As 
the  piston  rises,  an  empty  space  is  left  between  it  and  the 
bottom  of  the  barrel;  for  the  exterior  air,  in  attempting  to  pass 
in,  by  its  elastic  force  firmly  closes  the  valve.  If  by  strong 
muscular  force  we  succeed  in  drawing  the  piston  up,  upon 
discontinuing  the  effort  it  will  be  forced  down  again  to  the 
bottom  by  the  exterior  pressure.  Let  us  suppose  now  the 
bottom  of  the  barrel  to  be  fitted  with  the  same  kind  of  valve  ns 
the  piston;  as  the  latter  ascends,  the  elasticity  of  the  portion 
of  air  included  in  any  vessel  with  which  it  may  be  connected 
will  raise  the  valve,  and  the  air  will  flow  into  the  barrel:  when 
the  piston  is  ag^  forced  down,  thb  valve  will  be  closed  by  the 
force  above  it,  and  the  included  air  will  again  pass  off  through 
the  piston-valve,  and  we  can  repeat  this  operation,  gradually 
withdrawing  barrel-full  after  barrel-full  of  air  from  any  vessel 
till  the  residual  air  becomes  so  reduced  as  not  to  have  elastic 
force  enough  to  raise  the  valve.  Two  such  barrels  so  fitted  witti 
pistons,  with  a  mechanical  apparatus  for  alternately  raising  and 
depressing  them,  constitute  the  essential  parts  of  the  air-pump  (4). 

(4)  a  and  b  in  the  adjoining  figure  represent  the  cylinders,  in 
which  the  pistons,  c  and  d,  are  accurately  fitted;  at  the  bottoms  of  the 
cylinder  arc  the  valves  h.  A,  opening  upwards;  and  in  each  piston  is  a 
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§  44.  Now  if  we  take  a  thin  glass  globe  or  flask^  fitted 
with  a  stop-cock,  we  may  by  these  means  exhaust  it  of  the 
greatest  part  of  the  air  which  it  contains,  and  equipoise  it  upon 
the  balance.     Upon  opening  the  stop-cock,  air  will  rush  into 
the  empty  vessel,  and  it  will  preponderate;  and  it  will  reqmre  a 
considerable  weight  in  the  opposite  scale  to  restore  the  equili- 
brium.    To  ascertain  the  exact  weight  of  any  given  volume  of 
air,  it  will  be  necessary  to  measure  it,  and  this  we  cannot  do  by 
measuring  the  capacity  of  the  globe,  for  the  best  air-pump  will 
always  have  a  residual  quantity  after  exhaustion;  but  by  con- 
necting the  exhausted  vessel  with  an  accurately  graduated  jar 
(5],  standing  upon  the  water-bath  (6)  the  air  may  be  made  to 
enter  from  the  latter,  and  the  rise  of  the  water  into  the  jar  will 
inficate  the   exact  quantity  which   has  been  thus  abstracted. 
By  careful  experiments,  conducted  upon  this  principle,  it  has 
been  found  that  100  cubic  inches  of  atmospheric  air,  under 
standard  circimistances,  to  which  we  must  hereafter  advert  more 
particularly,  weigh  31  grains, — or  815  times  less  than  an  equal 
bulk  of  water.     We  shall  find  that  there  are  many  different 
kinds  of  aeriform  matter,  differing  very  greatly  in  their  specific 
gravities:  this  is  the  mode  by  which  they  may  be  ascertained, 
and  atmospheric  air  is   the   standard  to   which   they  are   all 
referred,  just  as  the  specific  gravities  of  solids  and  liquids  are 
compared  with  water. 

valTe,g,  g,  also  opening  upwards;  the  bottoms  of  the  cylin- 
der are  comiected  by  a  tube,  e,  with  the  pump-plate,  upon 
^hich  stands  the  bell-glass, y*;  in  the  cylinder  a,  the  piston 
is  represented  in  the  act  of  ascending,  when  the  valye  g  is 
closed,  and  a  yacuum  would  be  formed  beneath  the  piston, 
^ut  for  the  opening  of  the  ralre  A,  by  the  elasticity  of  the 
air  in  the  receiver.  In  the  cylinder  6,  the  piston  is  in  the  act 
of  descending  when  the  valye  h  is  closed,  and  the  yalye  g 
open,  by  which  all  the  air  in  the  cylinder  is  forced  out; 
^d  in  this  manner  a  portion  of  the  air  is  withdrawn  from 
the  receiyer,/,  at  every  stroke  of  the  pump. 

(5)  a  represents  the  air-jar,  graduated  into  cubic 
inches,  and  parts  of  a  cubic  inch;  6,  the  glass  balloon;  each 
w  fitted  yrith  a  stop-cock,  and  connecting- piece. 

(6)  The  most  conyenient  table  for  collecting  or  transferring 
gases  is  here  represented:  a  is  the  wooden  stand  which  holds  the 
water-hath,  vrhich  consists  of  a  deep  well  at  6,  in  which  the  jars  may 
be  filled  Vuh  vrater,  and  a  shallow  shelf,  upon  which,  when  inverted, 
they  may  be  placed;  at  c  a  jar  is  represented  standing  oyer  a  groove, 
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In  the  following  table  are  included  the  weight  of  100  cubic 
inches  of  the  lightest  and  heaviest  known  forms  of  matter:  of 
the  same  quantity  of  atmospheric  air:  and  of  water  in  its  three 
physical  states.  The  specific  gravity  of  each,  compared  with  air 
and  water,  is  also  shown. 

Table  I.     Of  Specific  Gravities. 


Weights. 

Specific  Gravity, 
Airl. 

Specific  Grai-ity, 
Water  1. 

Cabio  Inches. 

Grains. 

Hydrogen 

.     100 

2.138 

0.0694 

0.0000846 

Air     . 

100 

31.000 

1.0000 

0.0012277 

Steam 

.     100 

19.220 

0.6240 

0.0007611 

Ice 

.     100 

23735.000 

765.0000 

0.9400000 

Water 

.     100 

26260.000 

814.0000 

1.0000000 

Platinum 

.     100 

642875.000 

17512.0000 

21.6000000 

§  45.  The  weight  or  pressiire  of  the  atmosphere  was 
first,  however,  demonstrated  in  a  different  way  by  a  celebrated 
Italian  philosopher,  named  Torricelli,  in  the  year  1643.  His 
attention  was  drawn  to  the  subject  by  the  attempt  of  a  well- 


by  which  the  gas,  disengaged  from  the  retort,  is  condacted  into  it. 
The  gas  gradually  rises  in  bubbles,  by  its  lerity,  and  displaces  the 
water. 


k 
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digger,  at  Florence,   to  raise  water  by  a  sucking-pump   to  a 
height  exceeding  33  feet.     The  rise  of  water  in  a  tube,  by  these 
means,  had  up  to    that  time  been  ascribed  by  philosophers  to 
Mwr^s  abhorrence  of  a  vacuum.     Nor  ought  we,  in  the  pride 
of  more  advanced    knowledge,  to  sneer   at   tliis   explanation, 
which  fulfilled  for  a  long  time  all  the  legitimate  purposes  of  an 
hypothesis.      It  connected  together  a  number  of  isolated  facts, 
such  as  those   of  the   pump,  of  suction,  &c.     It  will  be  well 
for  the  philosophers   of  the  present  day  if  some  of  their  hypo- 
theses regarding  imponderable  fluids,  which  constitute  valuable 
parts  of  the  scaffolding  of  science,  stand  the  test  of  ridicule 
better  than  the  one  in  question.     The  well-digger  failed  in  his 
enterprise,  and  applied  to  Torricelli  for  advice;  who,  seeing  the 
absurdity  of  the  conclusion  that  Nature  only  abhorred  a  vacuum 
to  the  extent  of  33  feet,  suspected  that  the  cause  of  the  ascent 
of  water  in  the  pump-pipe  might  be  the  pressure  of  the  atmo- 
sphere; and  that  a  column  of  water  of  about  the  height  men- 
tioned, was  sufficient  to  equipoise  the  air  (7).     He  concluded 
that  if  this  were  the  case  it  would  only  support  a  shorter  column 
of  any  denser  fluid,  and  he  immediately  had  recourse  to  experi- 
ment to  confirm  his  conjecture.     He  filled  a  glass-tube,  three 
feet  long  and  closed  at  one  end,  with  quicksilver,  and  inverted 
it  m  a  basin  of  the  same  fluid;  it  immediately  sank  about  six 
inches  from  the  top  of  the  tube;  proving  that  the  pressure  of 
the  atmosphere  which  could  support  a  column  of  water  of  about 
33  feet  in  height,  could  only  support  a  column  of  mercury  of  30 


(7)  The  annexed  figure  represents  the  construc- 
tion of  the  common  sucking-pump:  a,  b,  is  the  barrel 
fitted  with  a  piston,  in  which  is  a  yaWe  at  a,  opening  | 
iipwards;  another  valve,  e,  at  the  bottom  of  the  barrel, 
also  opening  upwards,  closes  the  communication  with 
the  pipe,  b  d,  which  descends  below  the  level  of  the 
v<^r,  M  N.  As  the  piston  rises,  a  partial  vacuum  is 
formed  beneath  it,  and  the  superior  elasticity  of  the 
exterior  atmosphere  pressing  upon  the  water,  m  n, 
forces  it  to  ascend  into  the  pipe  from  d  to  c.  The 
descent  of  the  piston  closes  the  valve  s,  forces  out 
another  portion  o^  the  air  through  the  valve  a,  and 
^pon  its  return  the  valve  e  again  opens,  and  the 
''^^r  is  forced  past  it  into  the  barrel.  Another  m 
•^Toke  of  the  pump  drives  the  water  past  the  valve  a 
^'i  and  lifts  it  into  the  reservoir  l  g,  from  which  it 
^^"^  through  the  aperture  p. 
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inches,  the  height  of  the  columns  being  in  exact  proportion  to 
the  specific  gravities  of  the  two  liquids,  or  as  13^  to  1  (8). 

§  46.  Thus  was  invented  that  useful  instrument  the 
barometer;  for  a  tube  filled  with  due  precautions  wholly  to 
exclude  the  air,  and  accurately  adjusted  to  a  scale  for  the  pur- 
pose of  measuring  the  exact  height  of  the  column  from  the  sur- 
face of  the  mercury  in  the  cistern,  constitutes  the  essential  part 
of  this  simple  but  highly  ingenious  contrivance  (9).  In  con- 
firmation of  the  principles  upon  which  it  had  been  constructed, 
it  was  soon  observed  that  upon  ascending  a  hill  the  quicksilver 
feu  in  the  tube;  obviously  because  the  column  of  air  was 
shortened  which  supported  it.  This  observation  was,  not  long 
after,  applied  to  the  measurement  of  heights. 

The  gravity  and  elasticity  of  the  atmosphere  react  upon  one 
another  in  such  a  way  that  the  space  which  the  same  absolute 
weight  of  air  occupies  at  different  heights,  must  be  the  measure 
of  both.  If  we  suppose  it  divided  into  strata  of  equal  weight 
from  the  top,  the  first  stratum  will  press  downwards  with  the 


(8)  H  B,  represents  a  tube,  which  having  been 
filled  with  mercury,  and  closed  with  the  finger,  has 
been  inverted  carefully  beneath  the  surface,  d  c,  of  the 
mercury  in  the  glass  basin,  d  c  f  e.  Upon  remoyal 
of  the  finger  from  b,  the  mercury  has  fallen  in  the 
tube  from  n  to  o,  the  column  of  mercury,  a  o,  being 
the  exact  equipoise  of  the  elasticity  of  the  atmosphere 
at  the  time  of  the  experiment 


(9)  In  this  figure  is  represented  the  mode  by  which 
the  fluctuations  of  the  height  of  the  mercurial  column,  F 
B,  are  indicated,  by  the  index  upon  the  dial-plate,  h  l,  in 
the  common  wheel-barometer;  a  glass  weight,  B,  attached 
to  a  thread,  passing  round  a  pulley,  to  which  the  index  b 
fixed  at  B,  and  nearly  counterpoised  at  b,  is  allowed  just 
to  rest  upon  the  surface  of  the  mercury  in  the  open 
siphon  end  of  the  tube  at  a;  it  consequentiij  xiaet  ami 
falls  as  the  column,  b  b,  becomes  longer  and  shorter,  md 
the  motion  of  the  ihiead  turns  the  pulley,  and  moves  the 
index  thiongfa  the  are  of  a  gmdnated  eirde. 
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whole  of  its  own  weight,  but  by  nothing  more;  the  second  will 
press  downwards  by  its  own  weight,  and  will  be  compressed  by 
the  Treight  of  the  first  in  addition;  a  third  will  have  to  support 
its  own  weight  and  the  weight  of  the  two  preceding;  a  fourth 
will  be  compressed  by  three,  and  so  on,  each  stratum  1>eing 
compressed  by  the  whole  thickness  of  the  one  above  it.  Thus 
the  density  of  the  atmosphere  must  decrease  in  a  geometrical 
progression,  in  ascending  through  equal  heights  to  its  upper 
regions;  and  will  be  measured  by  corresponding  diminished 
heights  of  the  column  of  merciuy  in  the  barometer.  Supposing 
the  length  of  the  equiponderant  column,  at  any  given  time,  to 
be  30  inches  at  the  level  of  the  sea,  and  the  temperature 
to  be  at  the  freezing  point  of  water  and  to  remain  constant 
throughout,  at  the  height  of 

5,000  feet  it  would  be       ....  24.797  inches. 

10,000         „         „         20.499        „ 

15,000         „         „  16.941         „ 

20,000         „         „         14.000        „ 

§  47.  The  mean  height  of  the  barometer  at  the  level  of 
the  sea  is  very  nearly  30  inches;  but  a  very  Uttle  observation 
will  prove  that  it  is  subject  to  perpetual  oscillations  within  the 
limits,  in  this  country,  of  about  two  inches  and  a  half;  these  are 
dependent  upon  agencies  which  we  will  endeavour  to  develope 
at  a  more  advanced  period  of  our  inquiry.     We  may  at  once, 
however,  remark,  that  the  existing  pressure  of  the  atmosphere 
regulates  the   elasticity   of  every   portion   of  aeriform   matter 
inclosed  in  jars  or  bell-glasses  inverted  over  water,  or  any  other 
liquid.    If  such  a   glass  be  carefully  turned   down  upon   the 
water-bath,  so  that  the  water  may  stand  at  the  same  level  both 
inside  and  out;  it  is  clear  that  it  will  inclose  a  portion  of  the 
ataiosphere  of  the  existing  elasticity:  supposing  the  glass  to 
have  been  filled  with  water,  and  afterwards  with  any  elastic  fluid 
thrown  up  into  it,  by  that  kind  of  upward  decantation  by  which 
air,  from  its  comparative  levity,  may  be  made  to  displace  the 
heavier  fluid,  its  elasticity  must  be  governed  by  the  same  exte- 
rior pressure.     It  is  necessary,  therefore,  to  take  the  amount  of 
Ais  variable  pressure  into  consideration,  in  taking  the  weight  of 
any  air  by  the  process   previously  described   (§  44),   and  to 
assume  some  fixed  pressure  to  which  they  may  all  be  referred  in 
taking  their  specific  gravities.     This  standard  pressure  is  30 
inches  of  mercury,  and  nothing  can  be  more  simple  than  the 
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calculation  by  which  observations  made  under  any  other  pres- 
sure may  be  reduced  to  this  standard:  the  law  being  kept  in 
mind,  that  the  weight  is  always  directly,  and  the  volume 
inversely,  proportionate  to  the  pressure.  Suppose,  for  instance, 
that,  with  the  barometer  at  29  inches,  we  had  found  the  weight 
of  100  cubic  inches  of  air  to  be  29.9  grains,  and  wished  to 
know  what  the  weight  would  be  at  standard  pressure — by  the 
rule  of  proportion  we  shall  find,  29  :  30  ;  :  29.9  :  30.903.  Or, 
suppose  that  we  had  measured  100  cubic  inches  of  air,  at  29 
inches,  and  wanted  to  know  what  the  volume  would  be  at  30 
inches,  we  shall  have  30  :  29  :  :  100  :  96.6. 

§  48.  In  measuring  gases  over  the  water,  or  mercurial 
baths   (10),  it  is  also  necessary  to  take  care  that  the  liquid 


(10)  The  mercurial  bath  is  here  represented,  by  which  gases 
which  are  liable  to  be  absorbed  by  water  may  be  collected  and  trans- 
ferred j  it  is  constructed  of  iioa:  a  is  the  shallow  part  of  the  bath, 
and  b  the  well  for  filling  the  jars;  c  is  a  gloss  jar,  serving  the  purpose 
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within  and  without  the  vessel  may  stand  at  the  same  level;  and 
where  this  cannot  be  effected  by  plunging  it  into  the  deeper 
part  of  tlie  bath^  tlie  difference  of  level  must  be  measured,  and 
the  following  simple  correction  applied.  Suppose  a  quantity  of 
air  confined  over  mercury,  the  level  of  which  stands  higher  by 
two  inches  within  the  jar  than  without,  it  must  be  obvious  that 
the  pressure  of  the  atmosphere  balances  not  only  the  elasticity 
of  the  included  air,  but  the  weight  of  the  mercury  within  the 
jar;  the  elasticity  of  the  air  must  therefore  be  less  than  that  of 
the  atmosphere  at  the  time,  by  an  amount  of  which  the  dif- 
ference of  the  level  is  the  measure;  under  the  circumstances,  two 
inches  must  be  deducted  from  the  height  of  the  barometer,  and 
the  correction  for  pressure  appUed  as  before.  Should  the 
difference  of  level  occur  with  water,  it  may  be  reduced  to  the 
corresponding  difference  of  mercury,  by  dividing  it  by  13.5,  the 
difference  of  the  specific  gravities  of  the  two  Uquids  (II). 

§  49.  And  now  we  may  describe  a  beautiful  and  convenient 
process  of  Sir  J.  Leslie,  for  taking  the  specific  gravity  of  such 
solid  substances  as  are  porous,  like  charcoal,  or  in  powder  like 

of  a  reservoir.  It  may  be  filled  with  any  gas,  by  first  pressing  it  down 
into  the  cylinder,  in  which  is  an  iron  core,  the  interYal  between 
which  and  the  exterior  case  b  filled  with  mercury,  and  then  allowing 
the  gas  to  rise  into  the  small  bell-glass  placed  in  the  basin  of  mercury, 
at  d,     A  jar,  partially  filled  with  gas,  is  represented  at  a. 

(11)     The  rarefaction  of  the  air  in  any  vessel  connected  with  the 
air-pump,  may  be  measured  by  gauges,  acting  upon  the  principle  of 
the  barometer.     In  figure  4  (page  32),  k  represents  a  barometer-tube, 
opening  under  the  receiver,  y,  and  dipping  at  its  lower  end  into  an 
open  cistern  of  mercury.     As  the  air  under  the  receiver  becomes  rare- 
fied,  the  superior  elasticity  of  the  atmosphere  raises  up  a  column  of 
mercury,  which,  upon  the  supposition  of  the  total  abstraction  of  air, 
would  stand  at  the  same  height  as  the  barometer.     The  difierence 
between  the  two,  measured  upon  a  scale  of  inches,  indicates  the 
elasticity  of  the  residual  air.     The  siphon-gauge,  at  i,  does  not  begin 
to  act  till  the  rarefaction  has  been  carried  on  to  a  very  great  extent. 
The  upper  part  of  the  siphon  is  filled  with  mercury  by  boiling,  which 
is  kept  in  its  place  by  the  pressure  of  the  air;  when  this  is  diminished 
to  such  a  degree  as  not  to  be  able  to  support  a  column  of  mercury 
equal  in  height  to  the  upright  part  of  the  tube,  it  begins  to  fall  away 
from  the  top,  and  to  rise  in  the  parallel  leg  of  the  siphon,  and,  as  the 
equality  of  these  two  columns  would  denote  a  perfect  vacuum  above 
each,  the  elasticity  of  the  air  in  the  receiver,  with  which  the  instru- 
ment is  connected,  is  measured  by  their  difference. 
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sand,  and  which  is  founded  upon  the  properties  of  atmospheric 
air.  The  only  precautions  necessary  to  be  taken,  are  to  prevent 
the  existence  of  cavities  unconnected  with  the  air,  or  wliich 
may  be  so  small  as  to  have  the  property  of  absorbing  gases. 
llie  apparatus  consists  of  a  glass  tube  about  3  feet  long,  and 
open  at  both  ends;  one  third  of  its  length  is  about  -j^ths  of  an 
inch  in  diameter,  and  two- thirds  do  note?cceed  -j^o^hs  of  an  inch; 
the  narrower  and  the  wider  parts  are  connected  together  by  an 
extremely  fine  slit,  which  suffers  air  to  pass  but  retains  any 
sand  or  powder.  The  wider  end  or  mouth  of  tlie  apparatus  is 
ground  fiat,  and  can  be  shut  so  as  to  be  air-tight  by  a  ground 
glass  plate  (12).  The  substance  to  be  proved,  suppose  sand,  is 
put  into  the  wide  part  of  the  tube,  which  being  held  in  a 
vertical  position  is  to  have  its  narrow  extremity  immersed  in 
mercury  till  the  metal  rises  to  the  division  between  the  two. 
The  lid  is  then  to  be  fitted  on  air-tight.  In  this  state  it  will  be 
evident  that  there  can  be  no  air  in  the  tube,  except  that  mixed 
with  the  sand  in  the  upper  cavity.  If  the  barometer  stand  at 
30  inches  and  the  tube  be  lifted  perpendicularly  till  the  mercury 
stand  at  15  inches  above  its  surface  in  the  containing  vessel,  it 
is  obvious  that  the  air  in  the  inside  w^ll  be  subjected  to  a 
pressure  of  only  half  an  atmosphere,  and  of  course  will  dilate 
and  fill  precisely  twice  the  space  it  originally  occupied,  and  half 
the  quantity  contained  in  the  sand  will  be  transferred  into  the 
narrow  part  of  the  tube.  The  space  which  it  will  here  occupy 
will,  of  course,  be  exactly  the  same  as  t^dce  the  quantity  under 
double  pressure:  or,  in  other  words,  we  have  measured  in  tlie 
narrow  tube  the  bulk  of  the  air  originally  contained  in  tlie 
powder. 

Now  let  the  sand  be  removed,  and  the  experiment  repeated 
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(12)  abed  e,  represents  the  long  glass  tube,  the 
wide  part  of  which  extends  from  a  to  hijf  is  the  glass 
plate  fitted,  by  grinding,  to  the  mouth,  a;  jr  is  the  glass 
jar  for  holding  the  mercury. 
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with  the  larger  cavity  filled  with  air  alone.  It  is  obvious  that 
the  quantity  being  greater^  it  will  when  dilated  to  double  tlie 
bulk  under  a  pressure  of  15  inches^  occupy  a  larger  space^  which 
will  be  measured  upon  the  tube;  but  the  expanded  air  in  the 
narrow  tube  will  always  occupy  exactly  the  same  space  which 
the  whole  occupied  at  the  ordinary  atmospheric  pressure;  hence 
the  difference  between  the  two  spaces  will  be  equal  to  the  bulk 
of  the  solid  matter  in  the  sand.  Now  by  marking  the  number 
of  grains  of  i^ater  held  by  the  narrow  tube  on  a  graduated  scale 
attached  to  it^  we  can  find  at  once  what  is  the  weight  of  a 
quantity  of  water  equal  in  bulk  to  the  solid  matter  contained 
in  the  sand;  by  comparing  this  with  the  weight  of  the  sand  we 
shall  have  its  true  specific  gravity. 

§  50.  The  atmosphere  presses  upon  the  surface  of  the 
earth,  and  upon  the  surfaces  of  all  bodies  which  are  plunged 
into  it,  with  the  same  force  as  that  by  which  it  supports  the 
mercury  in  the  barometer;  and  a  column  of  mercury,  30  inches 
m  height,  whose  base  is  one  square  inch,  would  weigh  about 
15  lbs.;  and  would  press  upon  the  earth  with  the  same  force: 
every  body,  therefore,  upon  the  surface  of  the  earth,  at  the  level 
of  the  sea,  supports  an  average  pressure  of  15  lbs.  upon  every 
square  inch  of  its  surface.     That  we  are  not  sensible  of  this 
pressure  on  our  own  persons,  and  on  all  surrounding  objects,  is 
owing  to  its  equality  in  all  directions.     From  the  fluidity  of  the 
atmosphere, — ^the  perfect  mobility  of  its  particles, — any  force  is 
equally  distributed  throughout  its  mass,  and  its  gravity  not  only 
presses  downwards,  but  upwards,  and  laterally,  and  in  every 
direction  alike.     If  we  destroy  this   equilibrium,   as  we   may 
easily  do  by  the  air-pump,  the  pressure  becomes  immediately 
manifest ;  almost  the  first  stroke  of  the  pmnp  fixes  the  receiver 
to  the  plate,  and  after  the  air  has  been  exhausted  to  the  utmost 
we  may  raise  the  weight  of  the  pump  itself  without  detaching  it. 
It  is  for  the  purpose  of  enabling  them  to  bear  this  enormous 
pressure  that  such  glasses  are  made  of  a  spherical  form.     If  a 
glass  of  a  cubic  shape  be  exha\isted,  it  is  speedily  crushed  to 
atoms ;  or,  if  a  bottle  of  a  similar  shape  be  hermetically  sealed, 
when  filled  with  air  of  the  usual  density,  and  inclosed  under  a 
receiver  from  which  the  air  is  pumped,  the  elasticity  of  the 
included  air  no  longer  being  counteracted  by  the  exterior  air,  it 
will  burst  outwards  with  equal  violence. 

It  is  curious  to  remark  how  frequently  common  experience 


42  ATMOSPHERIC  PRESSURE. 

has  anticipated  science  in  the  application,  if  not  in  the  formal 
announcement,  of  scientific  principles.  A  beautiful  illustration 
of  the  expansive  power  of  heat,  and  tlie  pressure  of  the  atmo- 
sphere, occurs  in  baking  a  fruit  pie.  The  cook  inverts  a  cup  in 
the  dish,  from  whicli  a  portion  of  the  air  is  expelled  by  the  heat 
of  the  oven;  when  allowed  to  cool,  the  remainder  contracts, 
and  a  partial  vacuum  l)eing  formed,  the  pressure  of  tlie  atmo- 
sphere forces  the  juice  to  rise  in  the  cup,  and  thus  prevents 
its  coming  in  contact  with  the  crust,  by  which  it  would  be 
absorbed. 

§  51.  The  surface  of  a  man  of  ordinary  stature  is  about 
15  square  feet,  so  that  the  atmosplieric  pressure  upon  his  body 
amounts  to  14  tons;  this  he  sustains  witli  perfect  convenience, 
because  every  cavity  of  his  body  is  distended  with  aeriform 
matter  of  tlie  same  elastic  force.  He  also  moves  about  under 
tliis  enormous  load  without  being  conscious  of  its  existence, 
owing  to  the  equality  of  its  action:  could  we  suppose  the  air  to 
cease  to  press  in  an  upward  direction,  while  its  downward 
weight  continued,  he  would  be  bound  to  the  spot  on  which  his 
foot  rested  as  effectually  as  the  rooted  oak.  Something  of  this 
we  may  indeed  feel  from  the  fatigue  we  endure  in  walking  upon 
a  stiff  clay.  In  such  a  soil  the  air  is  more  or  less  pressed  from 
under  the  feet,  and  just  upon  the  same  principle  that  the  boy's 
plaything,  called  a  sucker,  raises  the  weiglit  of  a  large  stone,  a 
strong  effort  is  necessary  to  overcome  this  unequal  pressure. 

Those  who  ascend  into  the  higher  regions  of  the  atmosphere, 
by  climbing  lofty  mountains,  or  by  balloons,  often  feel  incon- 
venience in  their  ears,  and  other  cavities  of  their  bodies,  from 
the  included  air  not  ha\'ing  time  to  adjust  itself  to  the  diminished 
pressure  of  the  out\i'ard  medium;  and  it  is  no  wonder  that 
persons  of  weak  constitutions  often  feel  considerable  discomfort 
from  sudden  changes  of  the  weather,  when  barometric  oscilla- 
tions may  indicate  a  change  of  pressure  upon  their  bodies  of 
1 8  or  20  hundred  weight  in  the  course  of  a  few  hours. 

The  eminent  philosopher  and  traveller^  Baron  Humboldt, 
mentions  that  he  has  in  his  own  person  experienced  a  difference 
of  pressure  equal  to  31  inches  of  mercury;  having  been  upon 
the  summit  of  Chimborazo,  where  the  barometer  stood  at  13 
inches  1 1  lines,  and  in  a  diving  bell  under  a  pressure  of  45  inches. 

Such  is  the  action  and  reaction  of  weight  and  elasticity  upon 
the  air^  and  the  equilibrium  of  the  two  forces  in  the  atmosphere. 
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§  52.  The  alternate  action  and  reaction  of  mechanical 
force  and  elasticity^  and  the  consequent  propagation  of  force  to 
a  distance,  by  vibt^ationj  are  beautifully  illustrated  by  the  pheno- 
mena of  souxD.  This  is  another  adjustment  of  the  properties 
of  the  atmosphere  which  constitutes  a  most  important  feature 
in  the  evident  and  wonderful  design  of  its  constitution.  The 
complete  developeraent  of  the  subject  constitutes  a  distinct 
branch  of  science,  under  the  name  of  Acoustics:  we  can  only 
here  advert  to  the  play  of  the  forces  which  are  concerned  in  its 
production. 

When  the  particles  of  an  elastic  body  are  suddenly  disturbed 

by  an  impulse  at  a  particular  point,  the  force  spreads  throughout 

their  substance  from  that  point,  as  a  centre,  and  they  return  to 

their  state  of  rest,  by  a  series  of  isochronous  vibrationSy  or  rapid 

movements  to  and  fro;  equal  numbers  of  which  take  place  in 

equal   times.     The  rapidity,  force,  and   permanence   of  these 

vibrations  depend  upon  the  elasticity,  the  form,  and  the  mode  of 

aggregation,  of  the  particles  of  the  vibrating  body  (13).    They  are 

not  confined  to  the  substance  in  which  they  are  produced,  but 

they  commimicate  themselves  to  the  surrounding  air  in  which, 

on  account  of  its  elasticity,  they  excite  equivalent  condensations 

and  dilatations  which  again  are  propagated  to  a  distance.     The 

corresponding  impulses  produced  upon  the  ear  constitute  sound. 

If  the  successive  impulses  form  a  connected  series,  following 

each  other  too  rapidly  to   be   separately   distinguished,   they 

constitute  a  continued  sound  like  that  of  the  voice  in  speaking; 

and  if  they  are  equal  among  themselves  in  duration  they  produce 
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(13)  A  B  represent  the  two  prongs  of  a  tuning-fork, 
made  of  steel;  if  one  of  them,  a,  be  struck  against  a  solid 
substance,  it  will  momentarily  assume  the  position  6,  nearer 
to  the  other  prong,  b,  but  from  its  elasticity  it  will  imme- 
diately return  to  its  former  position,  beyond  which  it  will 
be  carried  by  its  momentum  to  the  position  a,  about  as  fox 
from  A  as  the  second  position,  6,  and  thus  a  series  of  rapid 
Tibrations  is  brought  about,  which  being  propagated  through 
the  air  to  the  ear  produces  the  sensation  of  a  musical  note. 
The  Tibrations  of  A  alone  are  represented  in  the  figure  for 
the  sake  of  clearness;  but  the  other  prong,  b,  will  also  be  in 
a  similar  state  of  vibration. 
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a  musical  or  equable  sound,  as  that  of  a  vibrating  string,  or 
of  the  voice  in  singing.  A  quill  striking  against  a  piece  of 
wood  causes  a  noise,  but  striking  against  the  teeth  of  a  wheel, 
or  of  a  comb,  a  continued  sound;  and  if  the  teeth  of  the 
wheel  be  at  equal  distances,  and  the  velocity  of  the  motion  of 
a  certain  amount,  and  constant,  a  musical  note.  ITie  lowest 
sound  which  can  be  called  musical,  is  produced  by  16  vibrations 
in  a  second  of  time;  though  according  to  the  observation  of 
Dr.  Wollaston,  some  ears  are  so  constituted  as  to  be  able  to 
appreciate  notes  at  both  extremities  of  the  scale,  which  are 
inaudible  to  others.  The  higher  octave  to  this  sound  is  pro- 
duced by  double  the  number  of  vibrations,  and  the  double 
octave  by  four  times  the  number  in  the  same  time,  and  so  on  in 
the  progression  16,  32,  64,  128,  256;  the  last  of  which  produces 
the  note  which  is  designated  as  the  middle  C  on  the  piano- 
forte. The  fixedness  of  these  relations  is  such  that  the  well- 
known  sound  of  the  different  musical  notes  has  been  employed  by 
Professor  Wheatstone  as  the  measure  of  velocities  in  machines 
which  are  utterly  inappreciable  by  ordinary  mechanical  means. 

A  certain  time  is  always  required  for  the  transmission  of  an 
impulse  through  a  material  substance,  and  this  time  varies  with 
its  hardness  and  compressibility.  The  velocity  of  sound  in  air 
has  been  found  by  experiment  to  be  1130  feet  in  a  second;  in 
water,  4900  feet;  and  along  a  deal  rod,  17,400  feet. 

As  the  force  from  the  original  impulse  diverges  in  air, 
and  spreads  through  a  spherical  space,  its  intensity  must 
decrease  as  the  square  of  the  distance,  but  it  is  capable  of  being 
turned  back  or  reflected  from  the  surface  of  any  solid  obstacle. 

§  53.  A  musical  string  gives  a  very  feeble  somid  when 
vibrating  alone,  on  account  of  the  small  quantity  of  air  set  in 
motion;  but  when  attached  to  a  large  surface  of  wood,  or  to 
what  is  called  a  sounding-board  in  musical  instruments,  it  com- 
municates its  oscillations  immediately  to  that  surface,  and  the 
whole  system  vibrates  isochronously.  The  extensive  vibrating 
surface  again  transmits  its  motions  to  the  surrounding  mass  of 
the  air,  and  the  sound  is  much  increased. 

§  54.  The  oscillations  of  a  solid  body  are  not  confined  to 
one  direction,  but  may  be  longitudinal^  transversa  or  rotatory ; 
in  every  plane,  or  confined  to  one  plane^  aoterdingly  as  the 
impulse  is  communicated.    Differences  in  the  structure  of  a 
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body  may  influence  the  direction  of  its  vibrations.  If  a  little 
fine  dry  sand  be  strewed  over  a  vibrating  surface,  it  will  be  thrown 
into  violent  agitation  by  the  force  communicated  to  it  in  parti 
cular  situations,  but  in  other  situations  it  will  remain  at  rest, 
and  it  will  thus  enable  the  eye  to  distinguish  the  vibrating  from 
the  quiescent  parts.  Thus,  if  vibrations  be  excited  in  a  plate 
of  glass  or  metal,  by  drawing  the  bow  of  a  vioUn  across  its  edge, 
it  will  emit  a  musical  sound,  and  the  sand  will  immediately 
arrange  itself  in  certain  lines  regularly  disposed,  where  it  will 
accumulate  from  other  parts,  and  remain  at  rest.  It  is  thus 
found  that  the  adjacent  divisions  of  the  surface  are  in  different 
states  of  vibration,  some  being  always  elevated  while  others  are 
depressed;  and  the  oppositely  vibrating  parts  are  separated  by 
lines  of  rest.  These  lines  of  rest  are  termed  nodal  lines,  and 
they  vary  in  form  and  position  with  the  part  where  the  bow  is 
drawn  across;  but  the  point  by  which  the  plate  is  held  being 
necessarily  in  a  state  of  rest,  must  be  included  in  a  nodal 
line  (14).  Similar  points  of  rest,  or  nodal  points,  are  found  on 
a  vibrating  string;  and  pieces  of  paper  placed  at  the  half,  third, 
fourth,  or  other  aliquot  points  of  its  length,  will  remain  on  it 
during  its  vibration,  but  will  instantly  fly  off  from  any  inter- 
mediate points.  They  are  points  of  equilibrium  between  two 
adjacent  oppositely  vibrating  parts.  Indeed  all  vibrating  bodies 
have  a  tendency  to  divide  themselves  into  a  certain  number  of 
parts  which  perform  their  vibrations  independently  of  each  other. 

§  55.  The  amount  of  force  which  may  be  accimiulated 
from  the  iBrequent  and  regular  repetition  of  minute  impulses  to 
the  particles  of  elastic  solids  is  very  great,  just  as  momen- 
tum may  be  accumulated  in  a  pendulxmi  by  frequent  small 
impulses  (§  29);  and  the  cohesion  of  glass  itself  has  been  known 


(14)  ^  If  a  plate  of  glass,  a  b  c  d^  be  held  hori- 
zontally at  its  centre,  b,  between  thie  finger  and 
thumb,  and  sand  be  scattered  over  its  upper  surface, 
upon  causing  it  to  emit  a  musical  note,  by  drawing 
a  riolin-bow  along  its  edge,  the  sand  will  arrange 
itself  in  lines  constituting  regular  figures,  the  form 
of  which  will  depend  upon  the  pitch  of  the  note. 
The  lines  a  e,  *  b,  c  e,  d  e,  in  the  figure,  repre  • 
■ent  a  common  arrangement  of  these  nodal  lines; 
the  point,  b,  by  which  it  is  held,  will  be,  of  course, 
qmeKjent. 
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to  yield  under  the  intense  vibrations  of  a  musical  note.  If  we 
pass  our  moistened  fingers  lightly  along  a  glass  tube,  two  or 
three  yards  in  length,  and  from  three-fourths  of  an  inch  to  an 
inch  in  diameter,  we  may  generate  a  force  which  will  be  suffi- 
cient to  move  a  leaden  ball  placed  within  it,  and  even  to  draw  it 
up  against  the  action  of  gravity,  when  the  tube  is  inclined 
several  degrees  to  the  horizon.  Or  if  we  fix  a  small  glass  tube 
into  a  beam  of  wood,  and  cause  it  to  vibrate  longitudinally,  in 
the  same  way,  the  successive  and  periodic  impulses  will  be  suffi- 
cient to  agitate  the  beam  throughout  its  mass,  and  to  produce 
vibrations  of  such  an  extent  that  whole  handfuls  of  sand  thrown 
upon  it  will  be  projected  upon  the  lines  of  rest,  which  will  thus 
be  accurately  defined. 

§  56.  These  vibrations  alter  the  molecular  arrangement 
and  strength  of  bodies  while  they  last,  so  that  if  a  weight  of  90 
pounds  be  suspended  from  a  copper  band  of  three  yards  in 
length,  0.4  inch  wide,  and  0.04  inch  thick,  it  will  remain 
unchanged  for  any  length  of  time;  but  if  made  to  vibrate,  it  will 
become  lengthened  six  or  seven  inches.  M.  Savart  measured 
the  lengthening  of  rods  of  glass  and  brass  by  the  act  of  vibra- 
tion, under  the  friction  of  a  damp  cloth,  and  ascertained  the 
amount  of  mechanical  force  which  would  be  required  to  be 
directly  applied  to  produce  the  same  effect,  and  foimd  it  to  be 
in  the  first  case,  (the  diameter  of  the  cylinder  being  1.14  inches,) 
equal  to  a  weight  of  2000  pounds;  and  in  the  second,  (the  dia- 
meter being  1.38  inches,)  3800  pounds.  The  facts  are  of  the 
utmost  practical  consequence  with  regard  to  structures  in  metal 
which  are  destined  to  support  great  weights,  and  are  at  the  same 
time  exposed  to  regular  oscillations  and  vibrations. 

We  will  now  direct  our  attention  to  the  forces  of  homo- 
geneous attraction  and  repulsion. 

IV.  HOMOGENEOUS  ATTRACTION  AND 

REPULSION. 

§  57*  The  force  of  cohesion  in  bodies  is  measured  by 
the  amount  of  any  force  which  may  be  required  to  separate  thdr 
particles,  or  break  them,  and  may  be  ascertained  by  experiment* 
The  opposing  force  may  be  applied  in  various  ways.  (1)  It 
may  tend  to  tear  tibe  body  asunder^in  the  direotioii  of  its  films; 
(2)  it  may  tend  to  break  the  body  across;  (3)  it  may  toid  to 
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rnish  the  body;  (4)  it  may  tend  to  separate  the  particles  by 
me<ins  of  torsion  or  twisting.  Tlie  investigation  of  tlie  strength 
of  materials,  and  tlie  different  degress  in  wliich  they  resist  the 
action  of  force,  so  variously  ap])lied,  belongs  to  mechanical 
science.  The  follo\nng  tcible  shows  the  force  of  cohesion  from 
experiment  of  a  few  solids,  as  indicated  by  the  weights  required 
to  tear  them  asunder,  and  to  crush  them. 


Table  II. 

Of  Strength 

of  Materials. 

Bars  1  inch  square 

Cubes  of  i  inch 

torn  asunder. 

cms]  Led. 

<.*ast  stool 

.     1 40,000  lbs. 

— 

Cast  iron 

10,000  lbs. 

Cast  copper 

10,000  lbs. 

7318  lbs. 

Wrought  copper 

.      33,000  lbs. 

6440  lbs. 

Brass 

.       17,000  lbs. 

10,304  lbs. 

Tin          .          .          . 

4700  lbs. 

!)()()  lbs. 

Lead 

1800  lbs. 

483  lbs. 

Elm 

5800  lbs. 

•1 

(  1284  lbs. 

Pine 

10,400  lbs. 

S 

c 

\  1(K)6  lbs. 

Oak 

10,000  lbs. 

I  3860  lbs. 

§  58.  The  force  of  cohesion  is  opposed  to  mechanical  force 
in  the  case  of  the  surfaces  of  two  solids  of  the  same  substance 
moving  upon  each  other^  and  is  estimated  by  the  resistance  to 
the  motion^  which  is  denominated /Wc/io/i. 

Friction  is  greatest  between  rough  surfaces^  and  diminishes 
with  the  degree  of  polish  given  to  tliem. 

All  other  circumstances  being  equals  it  is  directly  propor- 
tioned to  the  pressure  of  the  two  bodies.  Friction  also  arises 
from  a  amilar  opposition  of  the  force  of  adhesion^  in  the  case  of 
the  two  surfaces  in  motion  being  of  dissimilar  matter;  but  it  is 
greater  between  homogeneous  substances  than  between  hetero- 
geneous ones. 

{  59.  The  subject  of  friction^  again^  is  purely  mechan- 
ical; but  we  re-enter  within  the  strictest  limits  of  our  depart- 
ment in  considering  next,  those  adjustments  of  the  t^'o  anta- 
gonist powers  of  homogeneous  attraction  and  repulsion,  which 
oonstitate  the  physical  states  of  solid,  liquid,  and  aeriform. 
TTie  best^  because  the  most  &miliar,  illustration  of  these  three 
diffiarent  states  may  be  derived  from  our  every  day  observation  of 
the  dianges  which  water  undergoes.  Every  one  knows  that  by 
■bitaeliiig  heat  firom  water,  or  cooling  it  to  a  certun  point,  we 
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can  convert  it  into  a  solid  which  we  call  ice;  we  diminish  the 
repulsive  force,  and  the  attractive  gains  the  ascendancy.  The 
amount  of  this  cohesion  we  can  estimate  by  the  mechanical 
force  required  to  disintegrate  it;  but  pound  it,  and  comminute 
it  as  we  will,  we  can  never  by  these  means  totally  overcome 
the  attraction  which  constitutes  its  solidity;  we  can  never  so 
far  unloose  its  constituent  molecules  as  to  give  them  freedom 
of  motion  amongst  each  other.  The  application  of  warmth  will, 
however,  gently  and  quietly  loosen  the  tic;  the  ice  will  dissolve, 
and  the  liquid  particles  will  yield  in  all  directions  to  the  slightest 
impulse. 

§  60.  It  is  in  consequence  of  the  almost  perfect  manner 
in  whicli  cohesion  is  suspended  in  liquids  that  pressure  is 
commimicated  by  them  in  all  directions  alike.  Solid  bodies 
gravitate  in  masses,  and  exert  no  lateral  pressure;  but  the 
particles  of  fluids  gravitate  independently  of  each  other,  and 
press  against  each  other  in  every  direction,  not  only  downwards, 
but  upwards  and  sideways.  It  is  in  consequence  of  this  lateral 
pressure  that  water  flows  from  an  opening  in  the  side  of  a  vessel 
in  which  it  is  contained ;  and  the  lateral  pressure  is  the  result 
of  the  downward  pressure  of  tlie  liquid  above,  and  exactly  equal 
to  it ;  consequently,  the  lower  the  orifice  is  made  in  the  vessel 
the  greater  will  be  the  velocitj^  of  the  water  running  out  of  it, 
and  the  further  it  will  be  projected  from  it  (15).     It  is  the  same 


(15)  If  D  be  a  hole  made  in  the 
side  of  the  vessel  of  water,  a,  the  water 
at  D  would  only  be  pressed  by  the  sim- 
ple weight  of  the  perpendicular  column 
of  water  from  a  to  d;  but  when  the  orifice 
at  D  is  open,  and  the  water  permitted  to 
spout  out,  its  motion  throws  its  whole 
column  into  action,  and  it  will  now  press 
upon  and  discharge  the  water  from  d, 
with  the  same  force  as  if  the  water  had 
been  a  solid  descending  from  a  to  d,  2 
which  would  be  as  the  square  root  of 
the  height  a  d:  and,  for  the  same  reason,  water  issuing  from  other 
orifices,  c  and  b,  would  run  in  quantities  and  velocities  proportionate 
to  the  square  root  of  their  depths  below  the  sarlace  of  the  fluid.  If 
D  be  four  times  as  deep  below  the  sarfieu^  a,  as  b,  it  will  diaclmge 
twice  the  quantity  of  water  which  can  flow  from  b  in  the  tnnifl  tine; 
and  if  D  were  nine  times  the  depth  of  b,  three  timet  the  quantity  woaU 
issue  from  it. 


BRAMAH'S  PRESS. 


pressure  acting  upwards  which  occasiotu  vater,  when  poured  into 
OIK  leg  of  a  siphon,  to  rise  to  the  same  height  in  the  other  (16). 

§61.  But  it  is  not  only  the  pressure  of  their  own  par- 
bdu  ffhich  is  thus  equally  distributed  throughout  masses  of 
imia,  but  external  force  or  pressure  is  communicated  in  the 
same  way.  In  the  Bramah's  press  an  immense  accumulation 
of  force  is  brought  to  bear  upon  a  particular  point  by  pressure 
applied  b>  a  small  column  of  water,  reacting  upon  a  talker  mass 
placed  under  the  surface  of  a  moveable  piston  in  a  large 
barrel  (I?). 


(16)  This  figure  represents  the  arrangeiQent  of 
a  Hperiment  which  coramonlj  goes  by  the  name  of 
lb  H jdrottatical  Parado*.  n  6  is  a  narrow  tube  con- 
nerttd  with  the  extensible  Tessel,  c  d  e;  when  water 
a  ponred  into  the  tube,  the  weight  upon  the  surface 
will  be  nised  by  the  pressure  of  the  colnmn  of  water 
in  ike  tube,  which  will  act  with  the  same  force  as  a 
columa  of  water  of  the  same  height,  whose  base  would 
ban  to  equal  area  with  the  surface  of  the  vessel.  If 
a  poion  stand  upon  the  board  b  e,  and  blow  into  the 
Inlie  0,  he  may  raise  his  own  weight  by  the  force  of 
hiibroih. 


(17)  This  figure  represents  a  sec- 
tion of  the  press,  d  is  a  small  but 
strong  pump-barrel,  fitted  with  the  pis- 
ton, q,  which  is  worked  by  the  leTer,  e 
I.  By  this  pump  water  is  raised  from 
the  reserroir,  a,  and  injected  under  the 
large  piston,  a,  h,  fitting  tightly  in  the 
barrel,  b,  h,  and  to  which  the  press- 
plate,  r,  is  attached;  any  force  which  is 
exerted  upon  the  piston,  (t,  is  multi- 
I  plied  upon  the  piston,  m,  in  direct  pro- 
'  portion  of  the  area  of  the  latter  to  the 
former,  and  any  substance  placed  be- 
tween the  plates  i,  p,  thus  becomes 
•wleatly  compressed.  The  pressnie  is  immediately  reliered  by  turning 
""*  MTew,  K,  by  wluch  the  water  is  allowed  to  flow  back  into  the 
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j  62.  That  imperfect  destruction  of  cohesion,  which  b 
effected  by  mechanical  force,  is  curiously  contrasted  with  its 
perfect  suspension  by  heat,  by  comparing  this  equal  pressure  of 
liquids  with  that  of  sand,  or  some  other  finely  disint«gratcd  solid. 
If  we  pour  sand  into  one  leg  of  an  inverted  siphon  it  will  not 
mount  in  the  other,  and  will  even  extend  a  very  little  way  into 
the  horizontal  part.  Whatever  pressure  be  given  to  its  upper 
surface  will  exert  no  influence  on  the  issue  below.  A  half- 
hundred  weight  placed  upon  it  will  produce  no  diflFerence.  The 
weight  is  not  merely  supported  upon  the  base  of  the  column,  as 
in  the  case  of  a  solid,  but  by  the  sides  of  the  containing  tube. 
The  lateral  pressure,  however,  does  not  vary  with  the  height,  as 
in  the  case  of  a  liquid;  but  sand  will  flow  out  of  lateral  apertures 
made  in  a  box,  in  which  it  is  contained,  with  equal  velocity, 
whatever  may  be  the  height  of  the  column  within  (18). 

Single  grains  of  sand,  placed  upon  a  flat  surface,  do  not 
begin  to  roll  until  it  is  inclined  between  30°  and  40°,  and  this  is 
the  angle  at  which  the  pressure  is  exerted,  when  this  motion  is 
resisted.  The  angle  formed  by  a  heap  of  shot  or  peas  is  30°, 
and  the  weight  of  a  pyramid,  whose  sides  are  inclined  at  this 
angle,  is  alone  supported  by  the  base,  whatever  may  be  the 
height  of  the  column  confined  above  it  (19). 

A  very  simple  mode  of  showing  this  effect  is,  to  take  an 
open  tin  tube  of  any  length,  an  inch  in  diameter,  and  to  press  a 
piece  of  thin  paper,  with  the  edges  moistened,  against  tiie  end 
of  it,  letting  it  adhere  simply  by  such  moisture ;  then  placing 
the  tube  upright,  witli  that  end  upon  a  table,  to  fill  it  with 
sand,  and  afterwards  gradually  to  raise  it;  whatever  the  weight 
of  the  tube  and  its  contents,  it  may  be  carried  anywhere  in 
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(18)  A  B  c  s  represents  a  box  filled  with  pure 
dty  sand:  if  equal  slits,  a  b  e,he  made  in  one  of  its 
sides,  equal  quantities  will  flow  from  them  in  equal 
times,  and  will  be  projected  to  equal  distances,  not- 
ffithstanding  the  difference  in  the  heights.  This 
Sgure  should  be  compared  with  figure  14,  which 
represents  the  flowing  of  water  under  similar  dr- 


(19)    If  nnd  le  aDowsd  to  &I1  fioBB  alwi^A  :i9M  «  firt 
rarfiMe,  a  a;  it  will  fbna  at  lint  the  nutl  oom,  1  J,  iri^d|  «^ 
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that  poution,  although  the  paper  bottom  adheres   but    very 
il^tly. 

If  the  pulverization  of  solids  however  be  carried  beyond  a 
Knain  Umit,  so  as  to  produce  an  impalpable  powder^  the  action 
of  cobeaon  is  in  some  degree  restored,  for  the  comparative 
Wgeness  of  the  surfaces  of  contact  of  the  particles  enables  them 
to  overcome  gravity  and  prevents  their  lateral  pressure ;  thus  a 
heap  with  perpendicular  sides  may  be  constructed  with  flour, 
wlii^ng,  &c.  A  certain  amomit  of  adhesion  is  also  produced  by 
moisture,  and  the  flowing  of  sand  will  be  checked  by  any 
degree  of  dampness. 

§63.  After  the  cohesion  of  ice  has  been  suspended,  a 
Outlier  accession  of  heat  will  convert  the  hquid  water  into  a 
highly-ehkstic  aeriform  fluid,  which  is  commonly  known  by  the 
Dime  of  steam.  The  repulsive  force  acquires  the  ascendancy; 
the  constituent  particles  tend  to  fly  from  one  another,  and  are 
only  restrained  by  the  pressure  of  that  surrounding  atmosphere 
which  regulates  the  elasticity  of  all  aeriform  matter  which  is  not 
ioaulated  firom  its  action.  The  progress  of  this  change  of  state 
a  not  so  obvious  and  familiar  as  the  preceding,  but  it  is  easily 
<llu3trated  by  experiment.  If  we  take  a  glass  tube  blown  at 
one  end  into  a  bulb,  and  fit  it  with  a  leathern  piston  fixed  to  a 
hollow  rod,  the  bore  of  which  is  capable  of  being  closed  with  a 
screw,  and  cause  a  little  water  to  boil  in  it  under  the  piston; 
■team  will  presently  issue  with  some  force  from  the  passage  in 


'mottle  to  2  2,  3  3,  &c.,  and  as  it  rolls  down  will  always  maiatun  a 
cxiical  nir&ce,  irtiose  inclination  to  the  base  is  about  30°.    The 


^, 


^inctioQ  of  the  presmre  of  the  sand  m  the  box  jl  b  c  d  fig.  17,  and 
Ui  e^nahty,  u  leprefmled  by  Ulc  pyramids,  d  tf. 

■  2 
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tlie  rod,  which  is  to  be  left  open  for  the  purpose  of  giving  it 
vent.  Upon  closing  this  passage,  the  elastic  force  of  the  steam 
will  accumulate  till  it  forces  the  piston  to  the  top  of  the 
tube  (20).  This  force  may  be  instantly  annihilated  by  remov- 
ing the  bulb  from  the  source  of  heat,  and  blowing  upon  the 
tube;  the  aeriform  water  wiU  resume  the  liquid  state,  and  the 
pressure  of  the  air  upon  the  upper  side  of  the  piston  being  no 
longer  counteracted  by  the  elasticity  of  the  steam  on  its  imdei 
side,  it  will  be  forced  down  to  the  bottom  of  the  tube.  A  fresh 
application  of  heat  will  restore  the  elastic  force;  it  wiU  again  be 
forced  up;  and  by  a  repetition  of  the  process  this  little  model  of 
a  steam-engine  may  be  kept  in  action.  Why  the  processes  of 
liquefaction  and  vaporization  take  place  slowly  and  gradually, — 
why  a  mass  of  ice  does  not  instantly  melt,  or  any  body  of  watei 
flash  into  steam  upon  reaching  the  proper  temperatures,  will  be 
shown  when  we  come  to  treat  of  the  laws  of  that  extraordinary 
agent,  heat,  upon  which  these  transformations  depend. 


§  64.  There  is  great  reason  to  suppose  that  all  unorgan- 
ized matter  may  be  susceptible  of  similar  changes  of  state;— 
that  every  solid  might  assume  the  state  of  a  liquid,  and  of  an 
aeriform  body;  and  that  every  air,  or  gaseous  body,  might  be 
reduced  to  the  liquid,  and  even  solid  state.  Our  command 
over  the  forces  of  nature  does  not  extend  so  far  at  present,  bul 
the  phenomena  which  we  will  further  examine  are  so  general  as 
to  justify  the  conclusion  that  they  are  universal. 


f>  (20)  a  represents  the  glass  tube,  with  the 
bulb  at  its  lower  end;  b  is  the  handle  by  which  if 
is  held :  c  is  the  piston,  the  rod  of  which  passec 
through  a  cork  at  e. 
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{  65.  With  regard  to  solids^  we  distinguish  several  pro- 
perties as  modified  results  of  the  force  of  cohesion;  namely^ 
hardness;  elasticity;  brittleness;  malleabiUty;  ductiUty;  and 
compressibility. 

§  66.  The  relative  hardness  of  a  body  is  determined  by 
its  capability  of  scratching,  or  being  scratched  by^  other  bodies. 
It  has  no  relation  whatever  to  density^  for  lead,  which  may  be 
easily  scratched  by  the  nail,  has  a  specific  gravity  more  than 
three  times  that  of  a  diamond,  the  hardest  substance  in  nature; 
neither  is  it  connected  with  tenacity  and  brittleness,  for  iron  is 
easily  scratched  by  glass.  Mineralogists  are  in  the  habit  of 
appreciating  this  quality  by  the  following  scale  of  ten  degrees 
derived  from  a  comparison  with  ten  species  of  minerals,  com- 
mencing with  the  softest  crystallized  solid,  and  ending  with  the 
hardest. 

Table  III.     Hardness. 


gree. 

Standard  of  compariBon. 

1          .           .          .          .          .          Talc 

2 

Gypsum 

3 

Calcareous  spar 

4 

Fluor  spar 

5 

Apatite 

6 

Feld  spar 

7 

Quartz 

8 

Topaz 

9 

Sapphire 

10 

•        « 1 

A                            .      _ 

_  _  _  _  _  J 

Diamond 
1  •  .1^   1 ^1. 

§  67.  Elasticity  is  that  property  which  we  have  already 
exemplified  by  the  fleinire  of  a  spring,  and  the  torsion  of  a 
thread  of  glass;  in  consequence  of  which  the  particles  of  a  solid 
yield  to  a  certain  extent  when  force  is  applied  to  them,  but 
immediately  fly  back  to  their  original  position  when  the  disturb- 
ing power  is  withdrawn.  Elastic  bodies  vary  much  in  the 
extent  to  which  they  yield  without  breaking,  and  in  the  degree 
of  perfection  with  which,  after  the  displacement  of  their  particles, 
they  return  to  their  former  state.  A  piece  of  caoutchouc,  or 
Indian  rubber,  is  very  elastic,  but  not  perfectly  so,  for  it 
becomes  permanently  elongated  by  stretching.     Glass,  on  the 
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contrary,  is  perfectly  elastic,  for  it  will  retain  no  permanent 
bend:  when  drawn  into  a  fine  thread  it  may  be  twisted  round 
upon  its  axis  many  times  without  breaking;  and  when  set  free, 
always  returns  to  the  point  from  which  it  set  out. 

§  68.  Britileness  consists  in  the  facility  with  wliich  a 
disrupture  takes  place  amongst  the  particles  of  a  solid,  from  a 
slight  change  of  position  amongst  them,  beyond  the  limits  of 
their  elasticity.  It  belongs  to  most  hard  and  elastic  bodies, 
and  may  be  exemplified  by  glass  and  steel. 

§  69.  Malleability  is  the  capability  of  extension  into  thin 
leaves,  by  hammering.  It  exists,  in  difierent  degrees  of  perfec- 
tion, amongst  the  metals.  Gold  may  in  this  way  be  beat  into 
such  thin  leaves  that  282,000  of  them  would  only  make  up 
together  the  thickness  of  an  inch.  Silver  and  copper  are 
likewise  capable  of  being  extended  into  very  thin  leaves;  and 
tin  and  lead  into  foil,  necessarily  of  much  greater  thickness. 

§  70.  Ductility^  or  the  capability  of  being  drawn  into 
thin  ware,  is  not,  as  might  at  first  be  supposed,  the  concomitant 
of  malleability.  Iron  is  incapable  of  being  beaten  into  thin 
leaves,  but  may  be  drawn  into  wire  finer  than  a  human  hair. 

§  71-  Compressibility.  Some  of  the  metals  have  their 
density  permanently  increased  by  mechanical  force;  when  thus 
compressed,  they  do  not  spontaneously  return  to  their  former 
bulk. 

§  72.  In  liquids  we  have  already  seen  that  cohesion  pre- 
dominates to  a  very  small  degree.  Their  particles  yield  amongst 
each  other  to  the  slightest  impulse,  and  communicate  pressure 
in  all  directions  alike.  The  force  required  to  change  their 
volume  in  any  sensible  degree  is  so  great,  that  until  improved 
means  of  experiment  were  very  recently  contrived,  they  were 
accounted  incompressible.  It  has  been  found  that  by  plunging 
a  vessel  of  water  into  the  sea,  to  a  depth  of  1000  faihoma,  the 
compression  is  one-twentieth  of  the  bulk;  and  the  following  table 
represents,  according  to  the  accurate  experiments  of  Vxdknat 
CErsted,  the  amount  of  compression  of  several  Uquidfl  in 
millionth  parts  of  their  volume,  for  each  additicmal  atmospheie 
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or  pressure  of  ISlbs.  per  inch  (21).    After  the  pressure  is  witli- 
drawn  they  return  to  their  original  bulk. 


Table  IV. 


J^Iercury 
Alcohol 
Water 
Ether     . 


Compression  of  Liquids. 

MillionUi  parts,  per  atmosphere. 

2.65 

21.65 

•         46.65 

....         61.65 


(21)    A  B  c  D  represents  a  strong  glass 

cylindrical  vessel,  to  the  top  of  which  a 

similar  cylinder  of  metal,  a  e  f  B,  is  firmly 

screwed;  an  air-tight  piston^moves  in  this, 

bj means  of  a  screw,  k;  m  is  a  glass  bottle, 

terminating  in  a  fine  capillary  tube,  open  at 

both  ends;  it  is  graduated  with  great  accu- 

racj  into  precise  fractions  of  the  contents  of 

the  bottle.  This  is  done  by  weighing  the 
quantity  of  mercury  which  the  bottle  will 
hold,  and  the  quantity  which  may  be  con- 
tained in  an  inch  of  the  tube.  In  (Ersted's 
apparatus  each  inch  of  the  tube  was  found 
to  contain  80  miUionths  of  the  contents  of 
the  bottle.  The  bottle,  with  its  scale,  are 
intrr.duced  into  the  glass  ressel,  A  b  c  d, 
which  is  then  filled  with  water,  and  the 
cjlinder,  a  e  f  b,  firmly  screwed  in  its  place. 
When  the  piston  is  drawn  back,  water  is  pressed  into  the  cylinder 
through  the  siphon,  b,  connected  with  the  yessel  q;  when  it  is  f\ill,  the 
communication  with  the  siphon  is  closed  by  a  cock;  pressure  may  then 
be  communicated  to  the  contents  of  the  ressel,  by  the  screw,  K,  and 
lerer  1 1.  The  pressure  within  and  without  the  bottle  will  be  the  same. 
The  amount  is  ineasured  by  a  gauge,  n,  placed  by  the  side  of  the 
bottle,  consisting  of  a  glass  tube  closed  at  the  top,  and  open  at  bottom, 
and  divided  into  equal  parts;  it  contmns  a  small  portion  of  air,  and  is 
placed  in  an  inverted  position.  When  the  pressure  is  applied,  the  air 
is  compressed  continually  into  a  less  and  less  bulk;  the  diminution 
of  its  volume  being  precisely  proportioned  to  the  pressure,  and  is 
measured  upon  the  scale. 

The  water  in  the  tube  of  the  bottle  is  separated  from  the  water  in 
the  cylinder,  by  which  the  pressure  is  communicated,  by  a  little  air 
contained  in  a  small  funnel  inverted  over  its  upper  end,  which  also 
contains  a  babble  of  air;  so  that  there  always  intervenes  between  the 
exterior  and  interior  fvater  a  column  of  compressed  water,  which  may 
^^1  be  seen  from  "frithout.  By  a  similar  apparatus,  constructed  of 
Oietal,  to  enable  it  to  bear  a  higher  pressure,  Professor  CErsted  mear 
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§  73*  Certain  differences  may  be  observed  in  die  still 
remaining  cohesion  of  different  liquids.  Thus  we  distinguish 
visctms  and  limpid  liquids. 

Viscosity  is  that  quality  which  renders  the  homogeneous 
particles  less  moveable  amongst  one  another,  and  is  the  direct 
opposite  to  limpidity.  It  is  a  modification  of  cohesion  some- 
what analogous  to  malleability  in  solids. 

It  may  be  regarded  as  a  kind  of  approach  to  the  solid  state, 
but  is  distinguished  from  mere  cohesion;  for  if  two  drops  of  a 
viscous  fluid  are  brought  into  contact  with  one  another,  they 
run  together  with  much  less  velocity  than  two  drops  of  a  more 
perfect  flxiid. 

Oil  and  syrup  are  specimens  of  viscous;  mercury,  and  spirits 
of  wine,  of  limpid  liquids.  Some  solids,  like  glass,  become 
viscous  by  heat,  in  their  passage  to  complete  liquidity;  whilst 
others,  like  ice,  become  perfectly  limpid  at  once. 

§  74.  Aeriform  fluids  are  commonly  and  conveniently 
distinguished  into  two  classes:  namely,  vapours  Bndffoses.  Steam 
will  illustrate  the  first,  and  the  air  which  surrounds  us  the 
second.  We  have  seen  that  the  slightest  abstraction  of  heat 
proportionately  reduces  the  elasticity  of  steam,  and  condenses 
it  into  the  liquid  state.  The  slightest  increase  of  pressure 
beyond  the  force  of  its  own  elasticity  will  produce  the  same 
effect,  imless  a  simidtaneous  increase  of  heat  enable  it  to  sustain 
it;  but  the  greatest  reduction  of  heat  which  art  can  produce 
(and  its  command  in  this  respect  is  considerable),  and  the 
greatest  pressure  which  can  be  applied,  have  never  yet  succeeded 


sured  the  compressions  of  air  to  65  atmospheres.  For  this  purpose,  a 
small  index,  fixed  by  a  hair-spring,  was  placed  in  the  upright  gauge, 
which  being  pressed  forward  by  a  column  of  mercury,  was  left  at  the 
extreme  point  to  which  the  liquid  was  forced,  and  thus  registered  the 
pressure.  The  amount  of  the  compression  was  also  registered,  by  the 
simple  apparatus,  h  i  f  o,  which  is  an  open  vessel  containing  mercury, 
in  which  is  placed  a  glass  vessel,  a  b  o  d  b,  drawn  out  into  a  slender 
tube,  D  B,  and  turned  down,  as  shorn  in  the  figure.  This  vessel  is 
filled  with  air,  and  placed  in  the  receiver,  and  when  pressure  is 
applied,  the  effect  is  to  drive  the  mercury  up  the  tube  B  D,  and  into 
the  vessel  c  b,  compressing  the  air  above  it,  and  falling  to  the  bottom 
of  that  vessel.  The  volume  of  this  metal  being  added  to  that  which 
was  contained  in  the  tube,  will  equal  the  volume  by  which  the  air  was 
compressed  during  ihe  experiment. 
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ill  bringing  the  particles  of  atmospheric  air  within  the  verge  of 
cohesive  attraction. 

§  75.  Otlier  gases,  however,  which  but  lately  were  con- 
sidered to  be  as  permanent  as  atmospheric  air,  have  yielded  to 
the  ingenious  manipulation  of  Dr.  Faraday.  His  method 
consists  in  generating  the  gas  in  a  confined  space,  when,  from 
the  narrow  compass  into  which  it  is  obliged  to  pack  itself,  the 
mutual  compression  of  its  own  particles  is  so  great  that  they 
come  within  the  limits  of  their  self-attractive  force,  and  assume 
the  liquid  state.  It  is  true  that  the  elastic  force  increases  as 
tlie  compression;  but  the  energy  of  the  cohesive  force,  when 
its  limit  is  attained,  in  a  much  higher  degree; — not  in  the  inverse 
proportion,  that  is,  to  the  distances  of  the  particles  from  one 
another,  but  as  the  squares,  or,  probably,  some  higher  power  of 
the  distances.  DiflFerent  gases  yield  to  different  degrees  of 
compression;  a  pressure  equivalent  to  two  atmospheres  is 
sui&cient  to  produce  the  liquefaction  of  some,  while  carbonic 
acid  requires  thirty-five  atmospheres,  or  a  pressure  of  525lbs. 
upon  the  square  inch  of  surface;  and  although  experiment  has 
yet  failed  to  produce  the  effect,  fair  analogy  justifies  the  hypo- 
thesis of  geologists,  that  atmospheric  air  may  exist  in  the  liquid 
state,  in  cavities  of  the  compressed  strata  of  the  globe. 

§  76-  The  difference  between  a  vapour  and  a  gas,  it  may 
be  observed,  is  one  of  degree  and  not  of  kind,  and  has  reference 
to  the  mean  pressure  of  the  atmosphere;  for  the  aeriform  fluid, 
which  in  the  compressed  tube  floats  above  the  liquefied  portion 
of  the  gas,  is  strictly  the  vapour  of  the  liquid  portion,  and  is 
influenced  by  precisely  the  same  circumstances  as  the  vapours  of 
I,  which  exist  as  liquids  under  atmospheric  pressure  alone. 


f  77*  There  are  one  or  two  other  circumstances  attending 
the  reaction  of  the  antagonist  forces  of  homogeneous  attraction 
and  lepulsion  which  ought  to  arrest  our  attention.  When  a 
liifiiid  is  about  to  assume  the  solid  state,  if  the  heat  be  very 
dowly  withdrawn,  and  it  pass  very  gradually  under  the  influence 
of  eoheBon^  the  particles  do  not  rush  together  into  a  confused 
WBan,  but  sometimes  build  themselves  up  into  geo- 
dF  the  greatest  beauty  and  symmetry.    This  phe- 

iftfioniliar  to  us  in  the  freezing  of  water, — so  lamiUar 

0K0i§k40m:'BK^  ezdte  half  the  attention  and  admiration  which 


68  CRYSTALLIZATION. 

it  ought  to  inspire:  we  see  it  in  the  ice  which  forms  upon  our 
^Tndows  in  the  winter's  night, — in  the  hoar-frost  upon  the 
trees,  and  in  the  construction  of  flakes  of  snow.  The  seemingly 
endless  variety  of  figures  which  these  substances  present  is 
limited  by  certain  laws,  and  the  lines  which  bound  them  form 
amongst  themselves  no  angles  but  those  of  30°  60°  and  120°. 
If  we  melt  a  mass  of  sulphur,  or  of  the  metal  bismuth,  in  an 
earthen  pot,  and  when  it  has  slowly  cooled,  so  as  just  to  become 
crusted  over,  pierce  the  crust,  and  allow  the  liquid  portion  to 
flow  out,  we  shall  find  the  cavity  of  the  latter  studded  T^-ith 
beautiful  cubic  forms  which  the  most  skilful  carver  could  not 
rival,  and  that  of  the  former  \^'ith  no  less  beautiful  six-sided 
prisms  and  needles. 

These  forms  are  denominated  crystals^  and  the  process  is 
called  crystallization, 

§  78*  Tlie  assumption  of  the  solid  form  is  often  attended 
with  the  exertion  of  an  uncontrollable  expansive  or  repulsive 
force;  proving  again  the  porosity  of  solids,  the  particles  of 
which  the  prejudices  derived  from  common  obscmition  would 
induce  us  to  believe  were  in  the  closest  contact. 

This  phenomenon  cannot  be  better  exemplified  than  in  the 
passage  of  M^ater  into  ice.  Indeed,  the  common  experience  of  a 
hard  winter  places  the  proof  before  us,  in  the  bursting  of  pipes 
in  which  water  is  carelessly  allowed  to  freeze:  and  if  we  take 
a  small  piece  of  a  gun-barrel,  securely  plugged  at  one  extremity, 
and  closely  fitted  at  the  other  with  a  screw,  fill  it  with  water 
which  has  been  boiled  to  exclude  the  air,  carefully  close  it,  and 
place  it  in  a  situation  where  it  may  freeze,  at  the  moment  of 
solidification  the  barrel  will  burst  with  a  considerable  report. 

The  specific  gravity  of  ice,  compared  ynXh  water,  is  0.94. 

Iron,  hkewise,  enlarges  its  bulk  at  the  moment  of  solidifi- 
cation, and  hence  the  particular  sharpness  of  casts  which  are 
made  with  it,  the  expansive  force  pressing  it  into  the  minutest 
crevices  of  the  mould. 

Other  liquids,  on  the  other  hand,  contract  in  bulk  at  flie 
moment  of  congelation,  of  which  mercury  is  an  example. 

V.  HETEROGENEOUS  ADHESION. 

§  7^*  We  come  now  to  the  contemplation  of  ihe  action 
and  reaction  upon  each  otiier  of  particles  of  matter  of  totally 
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different  kinds^ — of  different  essence  and  sensible  properties: 
and  the  first  force  with  which  such  particles  have  been  endowed 
we  may  usefully  distinguish  from  cohesion^  or  homogeneous 
attraction  (to  which  it  is  opposed),  by  the  title  of  adhesion^  or 
heterogeneous  attraction:  we  have  already  exemplified  it  by  the 
wetting  of  glass  by  water,  Tlie  process  of  humectation  is  some- 
times accompanied  by  an  evolution  of  heat.  Ignited  alumina, 
which  contains  not  more  than  one-half  per  cent,  of  magnesia, 
becomes  sensibly  T^'arm  when  moistened. 

We  trace  this  force  in  matter  in  all  its  physical  states;  t.  ^., 
whatever  the  antecedent  adjustment  of  the  forces  of  homo- 
geneous attraction  and  repulsion  may  be:  but  it  exists  in  dif- 
ferent degrees  bet^'een  different  bodies;  and,  possibly,  between 
some  l)odies  does  not  exist  at  all.  A  polished  blade  of  iron  is 
capable  of  being  wetted  by  water,  not,  however,  in  so  perfect  a 
manner  as  glass;  but  to  neither  of  these  substances  will  mer- 
cury adhere.  It  would,  nevertheless,  be  too  hasty  a  conclu- 
sion to  infer  from  this  observation  that  there  were  no  adhesive 
attraction  between  the  particles  of  glass,  or  iron,  and  mercury; 
the  attractive  force  may  exist,  but  in  these  instances  the  homo- 
geneous attraction  of  the  particles  of  the  liquid  may  be  superior 
to  it,  and  prevent  its  efficiency.  A  perfectly  clean  surface  of 
platinum  is  capable  of  being  completely  wetted  by  mercury; 
but  the  thin  film  of  extraneous  matters  which  commonly 
adheres  to  this  metal  in  its  ordinary  state,  effectually  prevents 
iheir  mutual  action. 

Guyton  de  Morveau  measured  the  force  with  which  different 
metala  adhered  to  the  surface  of  mercur}"^,  by  suspending  equal 
platea  from  one  of  the  arms  of  a  balance,  and  ascertaining  at  the 
other  the  wright  which  was  in  each  case  required  to  separate 
ihem.  He  employed  fresh  mercury  in  each  experiment,  and  the 
foDowing  table  exhibits  his  results: — 

Table  V.    Adhesion  of  Mercury. 


Gtb. 

Gtb. 

Gold      . 

.    446 

Zinc 

.     204 

SilTer     • 

.    429 

Copper  . 

.     142 

Tin 

.    418 

Antimony 

.     126 

Lead      . 

.    307 

Iron 

.     115 

Knuidi 

.    372 

Cobalt    • 

8 

§  8(k  The  action  of  cements,  in  permanently  fixing  the 
of  .nliids  together,  is  dependent  upon  this  force.    For 
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this  purpose  some  substance  in  a  soft  or  liquid  state  is  inter- 
posed, which  is  capable  itself  of  solidifying  and  drawing  the  sur- 
faces together  by  this  species  of  attraction.  In  this  way  wood 
may  be  attached  by  gelatine,  or  glue;  porcelain,  by  albumen,  or 
white  of  egg,  and  lime;  and  bricks,  by  mortar;  so  that  the  adhe- 
sion of  the  surfaces  of  jimction  may  offer  even  greater  resistance 
to  disruptive  force  than  the  cohesion  of  any' other  part. 

§  81.  The  heterogeneous  adhesion  of  solids  to  each  other 
is  also  of  the  greatest  practical  importance,  when  it  assimies  the 
form  of  friction,  that  is,  of  superficial  opposition  to  mechanical 
force,  or  the  motion  of  two  bodies  in  contact  (§  58).  All  other 
things  being  equal,  friction  is  less  between  surfaces  of  dissimilar 
matter  than  between  those  of  the  same  matter:  thus  the  resist- 
ance of  iron,  moving  upon  iron,  is  expressed  in  terms  of  the 
pressure  by  the  fraction  ^.-y,  while  that  of  iron  upon  copper  is 
only  i.  The  interposition  of  substances  whose  force  of  cohesion 
is  small,  such  as  plumbago,  or  grease,  greatly  decreases  fric* 
tion:  thus  the  resistance  of  iron  upon  iron  is  diminished  to 
■Jj^th  by  the  application  of  tallow;  and  of  iron  upon  copper  to 
■j^th.  The  complete  investigation  of  this  opposition  of  forces 
belongs  to  the  science  of  mechanics;  it  would,  however,  have 
been  a  defect  in  this  preparatory  view,  not  to  have  indicated  an 
antagonism  of  forces  on  which  we  are  dependent  in  almost 
every  action  of  our  lives.  It  is  fiiction  which  prevents  our 
feet  slipping  hack  every  time  we  attempt  to  advance  a  step; 
and  those  who  have  attempted  to  walk  upon  polished  ice  well 
know  how  to  appreciate  the  passive  resistance  of  heterogeneous 
adhesion. 

§  82.  A  beautiful  example  of  the  adjustments  which  take 
place  of  the  two  antagonist  forces  of  homogeneous  cohesion  and 
heterogeneous  adhesion,  is  afforded  by  the  phenomena  of,  what 
is  termed,  capillary  attraction.  The  simplest  case  of  this  action 
arises  when  we  dip  a  glass  tube  of  very  fine  bore  (hence  termed 
a  capillary  tube)  into  a  liquid  which  is  capable  of  wetting  it; 
upon  attentively  examining  the  appearances  presented  by  sndi 
an  arrangement,  we  shall  find  that  the  liquid  rises  in  the  tube  to 
a  certain  height  above  the  usual  levels  and  assumes  a  oonoave 
surface  at  its  upper  extremity.  We  shall  also  observe,  than  cm 
the  exterior  surfiace  of  the  tube,  as  well  as  where  it  is  in  oontMt 
with  the  containing  vessel,  the  Kquid  will  stand  abovv  dM 
general  surface. 
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Now  we  have  here  three  forces  concerned; — the   force  of 
graTitation,  by  the  action  of  which  upon  the  moveable  particles 
of  the  liquid  the  general  level  of  the  mass  is  maintained;  the 
interior  force  of  homogeneous  attraction,  drawing  the  similar 
particles  together^  and  resisting  any  force  which  may  tend  to 
separate  them;  and  the  exterior  force  of  heterogeneous  attrac- 
tion, between  the  soUd  and  the  liquid.     The  latter  has  power  to 
draw  up  the  included  Uquid  (which  is  cut  off  by  the  glass  from 
the  action  of  the  homogeneous  attraction  of  the  surrounding 
mass)  agsdnst  the  action  of  the  two  former  forces  to  a  point 
at  which  they  are  all  in  equilibrio;  and  this  power  increases  in 
some  high  ratio  inversely  as  the  distance;  so  that  the  nearer  the 
approximation  of  the  active  particles,  the  greater  the  elevation. 
This  is  not  only  shown  by  the  gradual  upward  curve  of  the 
hqaid,  as  its  distance  from  the  soUd  decreases,  but  may  be 
demonstrated  by  varying  the  size  of  the  tube;  when  the  rise 
oftheUqidd  will  be  found  to  increase  rapidly  as  the  diameter 
decreases. 

The  concave  surface  of  the  Uqidd  thus  evidences  the  superior 
force  of  the  attraction  of  adhesion,  which  must  exist  throughout 
its  contact  with  the  tube  below  the  surface;  and  the  particles 
are  drawn  inwards  and  downwards  by  their  own  attraction  with 
less  force  than  when  a  part  of  their  weight  is  not  thus  sup- 
ported. The  consequent  diminution  of  pressure  from  above 
downwards,  is  equivalent  to  a  diminution  of  gravity,  and  is 
hydrostatically  balanced  with  the  exterior  Uquid  by  an  addition 
to  the  length  of  the  interior  column. 

The  same  action  may  be  strikingly  illustrated  by  dipping  the 
ends  of  two  plates  of  glass  in  coloured  water,  at  a  very  small 
and  gradually  decreasing  distance  from  each  other;  the  water 
will  rise  between  them,  and  the  force  increasing  as  the  distance 
diminishes,  will  be  shown  by  the  hyperbolic  curve  of  the  upper 
sar£ace,  the  heights  of  the  different  points  of  the  surface  of  the 
water  being  inversely  proportional  to  the  distances  from  the 
angle,  a  property  of  the  curve  which  is  thus  called  by  mathe- 
Qiaticians. 

§  83.  If,  on  the  other  hand^  the  liquid  into  which  the 
capillary  tube  is  plunged,  be  incapable  of  wetting  it,  that  is  to 
^7)  if  the  homogeneous  attractive  force  should  be  superior  to 
the  heterogeneous  attractive  force,  a  different  order  of  pheno- 
njcna  will  arise,  but  illustrative  of  the  same  principles.     A  fine 
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glass  tube^  thus  immersed  into  mercury,  will  exhibit  a  depres- 
sion of  the  internal  column  of  liquid  below  the  general  level; 
the  upper  surface  "^lU  be  convex  instead  of  concave;  and  at  tlic 
point  of  contact,  both  of  the  exterior  of  the  tube  and  of  the 
surface  of  tlie  containing  vessel,  the  liquid  will  be  depressed. 
The  forces  concerned  in  the  phenomena  are  tlie  same  as  before, 
but  now  the  homogeneous  attraction  has  the  superiority.  The 
mercury  within  the  tul)e  is  cut  off  by  the  inactive  surface  of  the 
glass  from  the  homogeneous  attraction  of  the  surrounding  mass; 
its  own  self-attractive  force,  therefore,  acts  as  from  its  centre, 
drawing  its  particles  together,  and  causing  them  to  assume  more 
or  less  of  a  globular  aggregation,  according  to  the  same  law 
which  determines  the  spheroidal  form  of  a  suspended  drop  of 
liquid.  The  increase  of  attraction  from  without  inwards  which 
is  manifested  by  the  convex  surface  must,  of  course,  exist  to  an 
equal  degree  below  the  surface,  and  is  equivalent  to  an  increase 
of  gravity  in  the  column  which  is  hydrostatically  balanced  with 
the  exterior  liquid  by  a  diminution  of  its  length.  The  amount 
of  this  action  is  also  inversely  proportionate  to  the  diameter  of 
the  tube  (22). 

Tlie  following  table  exhibits  the  amount  of  depression  in 
tubes  of  different  diameters.  In  one  column  is  included  the 
result  of  experiments  when  the  mercury  has  been  boiled  in  the 
tube;  in  another,  the  results  after  boiling.  In  the  first  case  a 
thin  layer  of  air  coats  the  tube;  in  the  second,  this  is  expelled. 


Table 

VI. 

Capillary  Depression 

\  of  Mercury, 

Diameter  of  tube. 

Unboiled. 

Boiled. 

In. 

In. 

In. 

O.fK) 

0.005 

0.002 

0.50 

0.007 

0.003 

0.45 

0.010 

0.005 

0.40 

0.011 

0.007 

0.35 

0.019 

0.010 

0.30 

0.028 

0.014 

0.25 

0.040 

0.020 

0.20 

0.059 

0.029 

0.15 

0.088 

0.044 

0.10 

0.142                            0.070 

(22)  0  D  represents  a  capillary  tube,  immersed  in  a  liquid  ci^alib 
of  wetting  it»  in  the  ressel  efg  A.  The  liquid  itanda  at  a  ooandtt^ 
able  height  abore  the  genend  level  of  the  liquid,  and  ia  ako  dnwan 
bj  the  sides  of  the  containing  Teasel,  and  the  exterior  lorfiMi^  nC  te 
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§  84.  Capillary  action  is  of  great  importance  in  many 
natural  and  artificial  arrangements;  and  as  familiar  instances  of 
it,  we  may  refer  to  the  absorption  of  water  by  a  piece  of  sponge, 
and  to  the  beautifdl  manner  in  which  the  flame  of  a  lamp  or  a 
candle  is  supplied  with  the  liquid  combustible  by  its  ascent  in 
thewick,  TTie  parallel  interstices  of  a  bundle  of  small  wires 
will  perform  this  office  as  well  as  the  fibres  of  cotton,  which  are 
commonly  employed,  and  being  incombustible,  may  be  per- 
petually  used,  provided  they  be  kept  clean.  The  natural  pores 
of  vegetable  bodies  are  also  well  adapted  to  the  spontaneous 
ascent  of  liquids,  and  it  is  probable  that  the  motion  of  the  sap 
of  plants  is  considerably  dependent  upon  this  power.  The  fact 
may  be  pleasingly  exemplified  by  dipping  one  end  of  a  piece  of 
cane  into  spirits  of  turpentine,  which  will  rise  to  the  other,  and 
niay  be  ignited. 

It  is  by  this  force,  again,  that  water  is  imbibed  by  the 
porous  materials  of  the  earth^s  surface,  and  moisture  distributed 
in  due  proportions  to  the  roots  of  vegetables.  The  amelioration 
of  soils  by  culture  is  brought  about  by  changes  effected  in  them 
in  this  respect;  and  the  influence  of  differences,  even  in  their 
original  constitution,  may  be  traced  in  the  superior  verdure  of 
chalk  hills  over  those  of  sand  or  gravel. 

The  forces  of  heterogeneous  adhesion  and  Jiomogeneous  co- 
^«mm  are  contrasted  in  an  interesting  manner,  by  closing  the 
^pper  aperture  of  an  air  jar  with  fine  wire  gauze.  If  the  jar 
^  now  immersed  in  a  water  bath  with  the  mouth  downwards, 
the  air  will  of  course  be  expelled  and  the  water  will  enter, 
^d  upon  raising  it  again  the  air  will  re-enter  through  the 
gauze  and  displace  the  water.  But  if  the  wire  gauze  be  first 
netted,  the  adhesion  of  the  film  of  water  to  the  metal  will  be  so 
great,  that  the  jar  upon  being  raised  from  the  bath  will  support 
a  considerable  column  of  the  liqidd  against  the  pressiu^  of  the 


^he,  so  as  to  form  a  curre  between  them. 
^e  fonu  of  the  surface  of  the  liquid  within 
tie  tube  is  shown  atiklm.  a  b  represents  a 
fapillaiy  tube  immersed  in  a  liquid  which  is 
^pable  of  wetting  it.  The  liquid  is  here 
"^n  depressed  below  the  general  level,  and  its 
'iitfiioe  in  the  vessel,  a  6  c  J,  is  curved  from 
^e  depresnon  which  also  takes  place  at  the 
points  of  contact  at  its  surface,  and  the  exterior 
^^Ace  of  the  tube.  The  form  of  the  sur&ce 
^^ithin  the  tube  is  shown  atnopq. 
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atmospliere;  water,  however,  may  be  poured  into  the  jar  without 
the  penetration  of  air  or  disturbing  the  film  of  moisture. 

A  curious  engine  has  lately  been  constructed  for  raising 
water  upon  the  jmnciple  of  heterogeneous  adhesion.  An  end- 
less hempen  band  of  6  inches  \vidth  is  made  to  revolve  1 000  times 
per  minute  over  a  pulley.  The  lower  part  dips  into  a  well  of 
water  which  is  drawn  up  by  it  from  a  depth  of  135  feet,  and 
delivered  into  a  cistern  at  its  point  of  suspension,  at  the  rate  of 
83  gallons  per  minute. 

§  85.  The  action  of  filtration,  to  which  the  chemist  is 
so  frequently  obUged  to  recur,  is  also  dependant  upon  capillary 
action.  Tlie  pores  of  the  filter  become  wetted  by  the  Uquid, 
and  transmit  it  to  the  under  surface  l)y  a  force  of  adhesion  which 
is  independent  of  the  pressure.  When  once  it  has  penetrated 
it  collects  into  drops,  by  the  force  of  cohesion^  which  fall  from 
the  force  of  gravity.  Not  only  may  solids  be  thus  separated 
from  Uquids,  but  liquids  which  imperfectly  mix,  from  each  other. 
For  this  purpose  the  filter  must  be  previously  wetted  with  the 
liquid  which  it  is  intended  to  transmit,  when  that  alone  will 
pass,  and  the  other  be  rejected.  In  this  manner  spirits  of 
turpentine  and  water  may  be  parted  from  each  other. 

§  86.  Few  persons,  perhaps,  are  aware  of  the  prodigious 
amoimt  of  the  force  which  may  thus  be  called  into  action,  and 
which  may  be  measured  by  tlie  opposition  w^hich  it  is  capable 
of  overcoming.  If  a  dry  plug  of  wood  be  tightly  fitted  into  one 
end  of  a  stout  tube  of  glass,  or  porcelain,  and  a  projecting 
portion  be  allowed  just  to  dip  into  water,  the  wood  will  swell 
with  such  force,  by  the  intrusion  of  the  liquid  into  its  pores,  as 
to  burst  the  tube,  though  capable  of  resisting  a  pressure  of  mor« 
than  700lbs.  on  the  square  inch.  This  power  is  turned  to  an 
economical  account  in  parts  of  Germany  and  France,  for 
separating  blocks  from  the  soUd  rock,  for  mill-stones.  Holes 
are  bored  in  its  substance,  into  which  wedges  of  dry  wood  are 
tightly  driven,  and  when  these  are  exposed  to  moisture  they 
swell,  from  the  capillary  action,  and  effectually  split  it  in  the 
direction  in  which  they  have  been  placed. 

§  87*  The  same  kind  of  attraction  and  superficial  action 
takes  place  between  solids  and  aeriform  bodies^  although  not  bo 
open  to  common  observation:  but  an  easy  experiment  will 


ADHESION  OF  GASES.  ti5 

illustrate  the  fact.  Take  some  of  the  fine  dust  of  iniigiiesia^  and 
sift  it  carefully  upon  the  surface  of  some  water  in  a  tall  glass 
jar,  and  it  will  presently  become  wetted  by  the  liquid^  and  sink 
to  the  bottom^  in  consequence  of  its  specific  gravity  being 
something  more  than  twice  as  great.  Take^  ag&in^  some  iron 
filings^  and  sift  them  in  the  same  manner  upon  the  surface  of 
water,  and  although  their  specific  gravity  is  nearly  four  times 
greater  than  that  of  magnesia,  they  will  float  upon  the  top.  A 
stratum  of  considerable  thickness  of  the  metal  may  thus  be 
laid  upon  the  liquid,  which  at  length  will  suik  in  considerable 
masses,  when  it  may  be  seen  that  they  had  been  previously 
buoyed  up  by  the  adhesion  of  particles  of  air,  which  their 
accumulated  weight  will  even  carry  to  the  bottom  with  them. 
The  surface  of  each  fragment  of  metal  had  been  (we  cannot, 
perhaps,  say  wetted,  but)  enfilmed  with  the  gaseous  matter,  which 
prevented  it  from  being  wetted  by  the  water;  in  the  case  of  the 
magnesia,  its  attraction  for  the  air  was  less,  and  consequently 
it  was  more  readily  displaced  by  the  water. 

The  force  of  adhesion  of  air  to  glass  is  very  considerable, 
and  requires  particular  attention  in  the  construction  of  baro- 
meters. In  filling  a  glass  tube  with  clean  mercury,  it  is  easily 
seen  how  pertinaciously  small  bubbles  adhere  to  its  sides:  many 
of  these  may  be  swept  away,  by  causing  a  large  bubble  to  pass 
several  times  from  top  to  bottom,  by  the  inclination  of  the 
tube;  but  it  will  still  remain  coated  throughout  with  a  thin  film, 
which  can  only  be  removed  by  boiling  the  mercury  in  it.  After 
this  process  has  been  performed,  the  air  will  still  creep  down 
between  the  sides  of  the  mercury  and  the  glass,  which  do  not 
sdhere  together,  and  ultimately  steal  up  the  whole  length  of  the 
column  into  ihe  vacuum.  The  gradual  deterioration  of  baro- 
meters in  this  way  may,  however,  be  entirely  prevented  by 
welding  a  ring  of  platinum  to  the  bottom  of  the  tube,  and 
wetting  it  with  the  mercury.  Close  contact  of  the  liquid  and 
the  tube  is  thus  secured,  and  the  welding  of  the  platinum  to 
the  hot  glass  is  another  instance  of  strong  heterogeneous 
sdheiion^* 

Hie  adhesion  of  the  vapour  of  water  to  glass  is  so  strong  as 
to  mterfene  very  sensibly  with  its  boiling;  the  steam  escaping 
mora  frady  from  metallic  sur&ces  than  from  glass.  If  the 
be  loui^iened,  or  if  some  powdered  glass  or  metal  filings 

^  DAVtBLt*t  MHmrokigieQl  EMaagt,  Second  Ed.,  p.  677* 
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be  thrown  into  the  boiler,  the  boiling  is  promoted,  because  these 
rough  points  present  smaller  surfaces  to  the  contact  of  the 
bubbles  as  they  form. 

§  88.  Some  porous  solids  are  capable  of  absorbing  and 
retaining  large  quantities  of  gaseous  matter;  and  newly-burned 
charcoal  has  the  property  of  taking  up  the  following  volumes  of 
the  different  gases,  its  own  volimie  1)eing  taken  as  1 . 


Table  VII.     Absorption  of  Gases  by  Charcoal. 


Ammonia 

00 

Bi-carb.  hydrogen 

,     35 

Muriatic  acid     . 

85 

Carbonic  oxide 

.    9.4 

Sulphurous  acid 

65 

Oxygen   . 

.    9.2 

Sulphuretted  hydrogen 

55 

Nitrogen 

7.5 

Nitrous  oxide    . 

40 

Carbt.  hydrogen 

.    5 

Carbonic  acid    . 
•11                  ^ 

35 

.  1 

Hydrogen 
1 .                       1 

.    1.7 

•  .1 

It  will  appear  from  these  results,  compared  with  others 
hereafter  to  be  stated,  that  those  gases  which  are  the  most 
readily  condensible,  by  pressure,  into  liquids,  yield  most  readily 
to  the  force  of  heterogeneous  adhesion.  When  charcoal  already 
saturated  with  any  one  gas  is  put  into  another,  it  gives  out 
some  of  the  gas  already  absorbed,  and  takes  up  a  portion  of 
the  new  gas. 

Aqueous  vapour  is  also  very  greedily  imbibed  by  newly- 
burned  charcoal,  some  kinds  of  which  will  take  up  as  umch 
as  18  per  cent,  of  their  weight  by  a  week^s  exposure  to 
the  air. 

Though  charcoal  possesses  this  property  in  a  very  eminent 
degree,  it  is  by  no  means  the  only  substance  whose  pores  exert 
the  force  of  heterogeneous  adhesion.  Certain  animal  and  vege- 
table textures  absorb  aqueous  vapour  so  readily  and  regularly^ 
that  their  changes  of  dimensions  which  ensue  have  been  taken 
as  measures  of  the  amount  of  vapour  existing  in  the  atmosphere 
to  which  they  have  been  exposed.  Thus,  the  untwisting  of  a 
piece  of  catgut,  or  the  beard  of  the  wild  oat,  the  elongation  of  a 
thin  slice  of  whalebone,  all  afford  good  hygroscopesy  or  indi- 
cations of  the  state  of  the  air,  with  regard  to  moisture;  and  the 
elongation  or  contraction  of  a  human  hair,  properly  prepaiedi 
is  still  observed  at  the  Paris  Observatory  as  a  hygrometer  \ 
although  the  observations  cannot  be  relied  upon,  and  better 
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ftiid  accurate  methods  have  been  demised  for  determining  a  point 
uf  great  importance  to  science  (23). 

All  these  substances  give  up  the  moisture  which  they  have 
imbibed  when  exposed  to  a  dry  atmosphere,  and  return  more  or 
less  accurately  to  their  original  dimensions. 

§  89.  The  adhesion  of  gaseous  matter  to  liquids  is 
demonstrated  every  time  we  pour  water  from  one  vessel  into 
another;  large  quantities  of  air,  strongly  attached  to  its  surface, 
arc  carried  by  the  momentum  of  the  falling  mass  below  the 
surface,  and  Incoming  more  elastic  firom  the  compression, 
detach  themselves  and  rise  again  in  a  stream  of  bubbles.  We 
see  diis  process  upon  an  immense  scale  in  natural  faUs  of  water, 
where  the  foam  and  dashing  of  the  spray  is  evidence  of  the 
power  of  the  escaping  air.  In  certain  situations  advantage  has 
been  taken  of  this  perpetual  supply,  and  tlie  air  being  received 
into  cylinders  in  tliis  state  of  compression,  is  applied  to  the 
supply  of  blast  furnaces,  for  the  working  of  metals. 


(23)  Thia  figure  represents 
the  celebrated  hygrometer  of  De 
Sauuure.  The  hair,  a  b,  n  freed 
from  all  uuchioeity  by  being 
■teeped  in  ley,  end  is  kept  in  a 
■late  of  equable  disteDsion  by 
meana  of  a  unall  weight,  g, 
which  is  itispended  from  die 
qipontfl  side  of  the  axis  of  the 
index.  The  hair  is  bstened  by 
two  mppeia  at  a  and  b;  the 
pnnt  of  aztmnfl  diynesi  is  de- 
tfli»iied  by  placing  the  inatni- 
Bcnt  ander  a  noriTsr,  ia  the 
^cfloue  of  wme  alworbent  aob- 
itaaca,  ■■  deej  canslie  alkali; 
lAea  tte  hair  aoqinict  ha  mini- 
■OM  tt  lengdi,  it  is  then  intro- 
fcesJ  ialD  a  tcodvar  containiiig 
TnUdithaalr  is  kept 
diritkiiv 

"1  span 
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§  90.  It  is  not  only  by  this  superficial  action  that  air 
becomes  attached  to  water,  but  by  the  force  of  adhesion  it  is 
drawn^  as  it  were^  into  its  pores,  and  is  made  to  distribute  itself 
equally  through  its  mass^  however  deep.  This  aeration  of  water 
is  one  of  the  most  important  processes  in  nature.  It  takes 
place  quietly  and  invisibly;  but  by  this  still,  xmobserved  opera- 
tion, the  countless  hosts  of  the  subaqueous  creation,  both  animal 
and  vegetable^  are  supplied  with  the  vital  air,  upon  which  their 
existence  depends.  If  we  take  a  quantity  of  fresh  boiled  water, 
place  it  in  a  glass  vessel  under  the  receiver  of  an  air-pump,  and 
exhaust  the  air,  it  will  remain  perfectly  transparent,  and  im- 
agitated,  till  the  pressure  is  so  far  reduced  as  to  enable  it  to 
boil  at  the  atmospheric  temperature;  but  if  we  allow  a  portion 
of  the  same  boiled  water  to  remain  in  contact  with  the  air  for 
some  hours,  and  afterwards  place  it  imder  the  receiver,  almost 
from  the  first  stroke  of  the  pump  we  shall  find  bubbles  of  air 
forming  in  its  mass,  the  greatest  part  of  which  will  be  attracted 
to  the  surface  of  the  glass,  and  will  there  adhere,  tiU  increasing 
in  size  they  finally  make  their  escape.  One  himdred  cubic 
inches  of  water  will  not,  however,  absorb  in  this  manner  under 
ordinary  circumstances  more  than  from  two  to  four  cubic  inches 
of  air.  The  quantity  varies  with  the  elasticity  of  the  exterior 
atmosphere,  and  it  has  been  found  that  fish  will  not  live  in  the 
lakes  upon  the  summit  of  high  mountains,  on  accoimt  of  a 
deficient  supply  of  this  necessary  article  of  their  respiration. 
Air  thus  contained  in  water  may  properly  be  said  to  have  been 
dissolved  by  it;  and  thus  we  are  led  to  consider  the  processes  of 
solution  and  mixture,  as  instances  of  the  force  of  adhesion; 
although  they  are  commonly  referred  to  the  action  of  the  higher 
force  of  chemical  affinity. 

§  91.  In  seeking  out  the  laws  which  limit  these  actions, 
let  us  first  return  to  the  mutual  action  of  liquids  and  solids.— ^ 
We  have  seen  that  when  a  piece  of  clean  platinum  is  dipped 
into  mercury,  the  force  of  adhesion  between  the  two  metals  is 
sufficient  to  overcome  the  cohesion  of  the  Uquid  which  thus 
adheres  to  the  solid,  and  wets  it.  If  for  a  plate  of  platinum  we 
substitute  one  of  tin,  or  lead,  the  same  effect  will  be  prodooedy 
and  either  metal  will  be  immediately  wetted  by  the  quicksihrer; 
but  if  we  now  leave  them  immersed  in  the  liquid,  a  forllier 
effect  wiU  be  produced,  and  the  force  of  adhemon  wQl  be  eo 
strong  as  not  only  to  overoome  the  feeble  oohenon  of  the  Uxpidf 
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but  the  strong  homogeneous  attraction  of  the  solid  itself:  the 
process  of  solution  will  take  place;  the  solid  will  be  dissolved  in 
tlic  liquid. 

Let  us  now  select  a  more  familiar  instance: — a  lump  of  loaf- 
sugar,  just  immersed  in  water  by  one  small  point  of  contact^  will 
quickly  draw  the  liquid  up  into  its  pores^  by  capillary  action; 
but  the  force  of  adhesion  proceeding  beyond  this  will  speedily 
break  down  the  solid  texture^  which  will  disappear  in  the  water. 
We  may  vary  the  illustration  with  any  soluble  salt.  We  may 
judge  of  the  energy  of  the  force  which  is  thus  called  into  action, 
gentle  as  is  the  process,  by  estimating  that  which  it  overcomes, 
namely,  the  cohesion  of  the  solid,  by  the  effort  which  we  must 
make  to  break  its  mass.  Whatever  tends  to  diminish  the 
antagonist  force  promotes  and  hastens  the  process  of  solution; 
and  every  one  knows  from  common  experience  that  the  me- 
chanical pounding  or  breaking  of  a  lump  of  sugar  or  salt  will 
considerably  facilitate  its  solution.  We  have  seen  the  facility 
with  which  glass  becomes  wetted  with  water;  if  we  diminish  its 
cohesion  by  mechanical  force,  a  portion  of  it  will  even  be 
dissolved  by  the  liquid;  and  upon  placing  some  very  finely 
pulverized  flint  glass  upon  turmeric  paper,  and  wetting  it,  the 
yellow  colour  of  the  paper  will  be  turned  to  brown  by  the 
action  of  the  solution. 

§  92.  The  action  of  a  solvent  upon  a  solid  is,  moreover, 
limited  by  its  cohesion:  when  the  homogefieous  and  heteroffeneozis 
forces  are  exactly  balanced  in  the  solution,  the  solvent  is  said 
to  be  Maturated.  Widi  regard  to  water,  the  point  of  saturation 
tor  different  bodies,  even  of  the  same  class,  varies  very  much; 
tbuB  at  ordinary  atmospheric  temperatures,  an  ounce  of  dis- 
tilled water  will  dissolve  half  its  weight  of  sulphate  of  ammonia; 
one-thixd  of  its  weight  of  sulphate  of  soda;  one-sixteenth  of 
lolpfaate  of  potassa;  and  not  more  than  one  five-hundredth  of 
lolldiate  of  lime.  Water,  however,  which  is  saturated  with  one 
wthg  will  still  be  capable  of  dissolving  another. 

{  93.  The  mechanical  disruption  of  a  solid,  even  by  the 
finest  levjgatbn^  is,  as  we  have  seen  (§  62),  but  a  very  imperfect 
awde  of  diminishiiig  the  force  of  cohesion;  the  finest  con- 
erifabls  jMrticlea  which  can  thus  be  detached,  consist,  probably, 
of  ft  aondMS  nmhitade  of  its  ultimate  atoms,  which  are  stUl 
dsiilJ^  bon4  together  by  homogeneous  attraction;  but  by  the 


70  SOLUTION  OF  GASES. 

application  of  heat  we  have  it  in  our  power  to  counteract  tlie 
latter  force,  by  a  repulsion  of  the  like  intimate  nature;  and  by 
so  doing  we  increase  the  effective  antagonist  force  of  hetero- 
geneous attraction.  The  action  of  a  solvent  upon  a  solid  is, 
therefore,  much  increased  by  raising  its  temperature.  Water 
may  thus  be  saturated  with  a  salt,  at  the  common  temperature 
of  the  atmosphere;  and  if  heat  be  afterwards  applied,  will 
dissolve  an  additional  quantity;  if  the  solution  be  then  allowed 
to  cool,  the  attraction  of  cohesion  will  resume  its  ascendancy, 
and  the  additional  portion  of  the  salt  will  be  deposited  in  a 
regular  solid  form. 

There  are,  however,  t^^'o  or  three  remarkable  exceptions  to 
this  general  law.  Water,  at  the  temperature  of  32°,  will  dis- 
solve irir^^  of  i^s  weight  of  lime;  at  a  temperature  of  60°,  it 
will  take  up  no  more  than  7+0^^ »  ^^^  when  boiling  only  ^-gVir^*^; 
so  that  when  lime-water  is  boiled,  a  portion  of  tlie  lime  is 
precipitated,  or  aggregated  into  small  crystalline  grains.  Tlie 
solubility  of  sulphate  of  soda  in  water  also  follows  a  singular 
law:  after  having  increased  rapidly  to  the  temperature  of  92°, 
where  it  is  at  its  maximum,  it  diminishes  to  215°,  at  which 
temperature  the  salt  is  nearly  of  the  same  solubility  as  at  87°. 
The  seleniate  of  soda  is  another  salt  which  presents  an  anomaly 
of  the  same  nature.  Exceptions  to  general  laws  of  this  kind, 
although  not  understood,  are  facts  of  extreme  interest,  and 
generally  present  the  commencement  of  a  clue,  by  following 
wliich  we  may  be  led  further  in  the  labyrinths  of  natural 
knowledge. 

§  94.  As  the  force  of  heterogeneous  adhesion  is  thus 
capable  of  overcoming  the  force  of  homogeneous  attraction,  so 
is  it  capable  of  restrainhig  and  keeping  down  tlie  force  of  homo- 
geneous repulsion;  and  gases  are  susceptible  of  solution  in 
liquids ;  and  as  the  point  of  solution  of  solids  is  determined  by 
the  antagonist  force  of  cohesion,  so  is  a  liquid  said  to  be  satu- 
rated with  a  gas  when  the  forces  of  heterogeneous  adhesion  and 
self-repulsion  are  exactly  balanced.  We  have  just  seen  that 
atmospheric  air  may  be  thus  united  with  water,  but  other  kinds 
of  aeriform  matter  are  capable  of  this  union  to  a  much  greater 
extent.  W^ater  will  dissolve  its  own  bulk  of  carbonic  acid, 
whatever  its  elasticity  may  be,  provided  an  equivalent  amount 
of  pressure  be  maintained  upon  its  sur&ce.  Soda-water  is  thus 
kept  ready  for  immediate  eifervescence  by  the  mechanical  com* 
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pression  of  this  acid  upon  it,  from  which  it  begins  to  make  its 
escape  the  moment  the  pressure  is  reUeved.  By  heating  this 
solution  the  whole  of  the  air  may  be  expelled;  for  heat,  of 
course,  increases  the  repulsive  force,  and  enables  it  to  overcome 
that  of  adhesion. 

« 

§  95.  But  there  are  other  gases  which  being  once  taken 
up  by  water  are  not  capable  of  being  again  separated  by  any 
increase  of  temperature;  the  force  of  adhesion  between  them  is 
so  strong,  that  they  remain  united  when  both  are  in  the  self- 
repulsive  state.  Thus  muriatic  acid,  or  anunoniacal  gases,  are 
absorbed  by  water  with  a  rapidity  which  is  quite  immeasurable, 
and  when  the  solutions  are  of  a  certain  strength  may  be  distilled 
without  change;  they  rise  together  in  the  elastic  form,  and  are 
again  condensed  by  cold. 

§  96.  This  will  aptly  introduce  to  our  notice  the  exertion 
of  this  force  by  bodies  in  the  same  physical  state,  as  the  action 
of  hquids  upon  Uquids,  and  gases  upon  airs  or  vapours.  Such 
combinations  are  termed  mixtures,  and,  unlike  solutions,  are  \m- 
limited  by  any  antagonist  force  either  of  attraction  or  repulsion. 
Some  Uquids,  however,  are  incapable  of  this  incorporation  or 
mixture:  thus,  oil  and  water  may  be  mechanically  mingled  toge- 
ther by  agitation;  but,  as  every  one  knows,  spontaneously  sepa- 
rate again  in  the  completest  manner.  Here  we  may  suppose 
that  the  forces  of  cohesion  and  gravity,  which  both  oppose 
adhesion,  are  superior  to  the  latter.  Some  few  Uquids  mix 
together  in  a  very  minute  proportion  of  one  of  them,  as  ether 
and  water.  If  these  two  Uquids  be  agitated  together,  by  far  the 
largest  portion  of  the  former  wiU  separate  from  the  latter,  and 
fioat  upon  its  surface.  This  is,  in  fact,  a  case  of  solution,  the 
point  of  saturation  of  which  is  determined  by  cohesion  and  gra- 
vity: most  Uquids,  however,  mix  together,  and  particularly  with 
water,  in  the  most  perfect  manner,  in  aU  conceivable  propor- 
tions, and  against  the  greatest  differences  of  specific  gravity: 
thus,  a  drop  of  oil  of  vitriol,  or  of  alcohol,  will  become  perfectly 
diffused  through  a  gallon  of  water,  or  a  drop  of  water  through  a 
gallon  of  vitriol  or  spirit.  The  specific  gravity  of  sulphuric  acid 
is  almost  double  that  of  water,  and  yet  the  difference,  combined 
with  its  remaining  cohesion  and  that  of  the  water,  is  not  suffi- 
cient to  separate  the  two.  The  progress  of  the  mixture  may  be 
shown  in  a  very  interesting  manner  by  colouring  some  water 
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with  some  vegetable  blue,  and  carefully  pouring  it,  by  means  of 
a  small  tube,  upon  the  surface  of  the  acid,  in  a  tall  glass  jar:  at 
the  point  of  contact  of  the  two  liquids,  and  to  a  small  height 
above,  the  blue  water  will  be  immediately  reddened  by  the 
acid;  but  if  the  experiment  be  carefully  made,  the  colour  of  the 
great  bulk  will  be  unaffected,  and  the  jar  will  exhibit  three  per- 
fectly distinct  strata,  of  colourless  acid  below,  of  mixed  acid  and 
water  of  a  red  colour  in  the  middle,  and  on  the  top  the  blue 
unmixed  water.  In  this  state  of  things  the  process  will  pro- 
ceed; the  heavy  acid  will  be  slowly  attracted  upwards,  and  its 
course  will  be  marked  by  the  cliange  of  colour.  Tliat  the  mix- 
ture is  not  produced  or  assisted  by  any  currents  in  the  liquids, 
will  be  manifest  from  the  lines  of  junction  of  the  different 
colours,  which  will  remain  perfectly  sharp,  well  defined,  and 
horizontal,  during  the  progress  of  the  experiment,  which  will 
not  be  complete  for  three  or  four  days.  A  similar  experiment 
may  be  made  with  coloured  alcohol  and  water,  and  in  both 
cases  the  mutual  penetration  will  ultimately  be  perfect.  Of  the 
intimate  nature  of  this  interpenetration  of  heterogeneous  par- 
ticles we  may  perhaps  form  some  notion,  by  observing  that  die 
volume  of  the  two  liquids  after  mixture  seldom  amounts  to  the 
sum  of  their  volume  in  their  separate  states.  This  is  notably 
the  case  with  alcohol  and  water.  If  a  long  glass  tube  closed  at 
one  end  be  made  to  terminate  at  the  other  in  two  globes  of 
equal  capacity  placed  vertically  upon  each  other,  uiK)n  filling 
the  lower  one  with  its  tube  with  water,  and  carefully  pouring 
alcohol  into  the  other  so  as  completely  to  fill  the  apparatus, 
upon  reversing  the  position  of  the  liquids  and  the  tube,  a  void 
space  vrill  remain  after  the  mixture  of  the  liquids. 

§  97.  We  have  already  noticed  the  statical  adjustment  of 
the  forces  of  homogeneous  and  heterogeneous  attraction  between 
a  solid  and  liquid,  in  the  case  of  capillary  action;  a  curious  and 
highly  important  dynamical  effect  results  from  the  operation  of 
the  same  forces  in  what  has  been  denominated  the  process  of 
endosmose  and  Civosnwse;  in  which  the  mutual  attraction  of  two 
liquids  is  called  into  action,  one  of  which  is  more  capable  than 
the  other  of  freely  wetting  a  porous  solid  which  forms  part  of 
the  combination. 

If  we  dip  a  piece  of  bladder^  or  other  animal  membrane,  into 
water,  it  will  be  wettedj  and  completely  soaked  with  the  liquid; 
but  if  we  dip  it  into  spirits  of  wine^  it  will  saperfidaUy  ai^ere 
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to  it,  but  will  not  be  imbibed  into  its  pores^  and  may  be  wiped 
off  without  difficulty.     Take  a  funnel^  and  tie  over  its  broad 
end,  of  three  or  four  inches  diameter^  a  piece  of  bladder;  invert 
it,  and  fill  it  with  spirits  of  wine^  and  fit  to  its  small  end  a  glass 
tube  three  or  four  feet  in  lengthy  and  then  place  it  upon  a  per- 
forated tin  plate  in  a  vessel  of  water ;  in  a  short  time  the  liquid 
will  be  observed  to  rise  in  the  tube;  and^  notwithstanding  the 
accumulating  pressure,  which  will  be  the  same  on  the  bladder  as 
that  of  a  column  of  the  liquid  of  equal  base  (§61)^  it  will  ulti- 
mately reach  the  top  and  flow  over.     The  first  moving  power  is 
here  the  force  of  adhesion  between  the  water  and  the  bladder; 
the  former  penetrates  the  pores  of  the  latter,  and  comes  in  con- 
tact, upon  its  upper  surface,  with  the  spirit,  by  the  hetero- 
geneous attraction  of  which  again  it  is  removed,  and  mixes  with 
its  mass.     The  height  of  the  coliunn  is  in  some  degree  the 
measure  of  the  force  thus  called  into  action,  which,  in  the  case 
under  consideration,  is  also  opposed  by  the  difference  of  the 
specific  gravities  of  the  water  and  spirit.     Other  liquids  may  be 
substituted  for  the  spirit,  provided  only  there  be  a  strong  dispo- 
sition in  them  to  mix  with  the  water;  and  even  strong  solutions 
of  solids,  as  sugar,  gum,  &c.,  will  determine  the  action  of  endos- 
mose  by  their  still  predominant  attraction  for  more  water.    The 
organic  texture  of  the  membrane  is  not  necessary  to  the  process, 
which  will  equally  take  place  through  thin  plates  of  clay-slate 
and  other  porous  substances.     The  endosmose  (or  flowing  in)  of 
ihe  exterior  liquid  is  generally  accompanied  by  the  exosmose  (or 
flowing  out)  of  the  interior  liquid,  but  to  a  much  less  extent; 
the  difference  depending  upon  their  greater  or  less  attraction  for 
the  interposed  solid,  or  their  capability  of  wetting  it.     Modi- 
fications of  this  process  are  of  the  highest  importance  in  many 
of  the  operations  of  the  organic  portion  of  the  creation,  and  the 
study  of  them  promises  to  throw  light  upon   many  obscure 
points  of  animal  and  vegetable  physiology. 

§  98.  Aeriform  bodies  are  capable  of  mixing  together  in 
the  same  way  as  liquids;  and  as  there  are  no  remains  in  their 
case  of  efficient  cohesive  force  to  oppose  the  force  of  adhesion, 
they  are  all  capable  of  rapid  diffusion  through  each  other's 
masses,  and  there  is  no  limit  to  their  incorporation:  there  is  no 
point  of  saturation.  If  a  portion  of  hydrogen,  which  is  an 
inflammable  gas,  and  the  lightest  known  ponderable  substance, 
be  confined  in  a  strong  phial,  and  a  portion  of  oxygen,  a  sup- 
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porter  of  combustion^  and  sixteen  times  heavier,  in  a  similar 
vessel,  and  the  t^'o  be  connected  together  l)y  a  narrow  tube, 
three  or  four  feet  long,  the  hydrogen  being  placed  above,  in  the 
course  of  a  short  time  the  heavier  air  will  be  drawn  up  by  the 
lighter,  and  the  lighter  drawn  down  by  the  heavier,  so  that  a 
perfect  and  equal  mixture  of  the  two  vnll  take  place,  and  an 
explosive  compound  will  be  found  in  both  the  phials;  and  tlie 
same  property  belongs  to  all  gases.  In  the  same  way,  if  water 
be  introduced  into  a  receiver  of  perfectly  dry  air,  evaporation 
will  immediately  commence,  and  vapour,  of  exactly  the  same 
tension  as  that  which  at  the  same  temperature  would  rise  in 
vacuo,  mixes  with  the  atmosphere.  Dr.  Dalton,  to  whose  clear 
views  upon  this  subject  science  is  greatly  indebted,  expressed 
this  general  fact  by  stating,  that  "  One  gas  acts  as  a  i^acuum 
with  respect  to  another."  By  this  he  did  not  mean  to  assert 
that  the  process  of  diffusion  takes  place  with  the  same  velocity 
as  if  it  were  a  real  vacuum :  because  the  particles  of  one  gas  he 
conceived  afford  a  mechanical  impediment  to  the  progress  of  the 
other;  but  that  the  ultimate  result  is  the  same. 

§  99.  Tlie  process  of  endosmose,  which  we  have  already 
examined  in  the  case  of  liquids,  is  also  capable  of  being  main- 
tained by  aeriform  bodies,  and  has  been  the  means  of  throwing 
much  light  upon  the  diffusion  of  gases. 

If  a  portion  of  common  air  be  confined  in  a  wide-mouthed 
jar,  by  tying  tightly  over  it  a  iriece  of  sheet-caoutchouc,  and  the 
jar  be  placed  under  a  large  bell-glass  filled  with  hydrogen  gas, 
the  hydrogen  will  gradually  penetrate  the  {>artition,  and  on 
coming  in  contact  \iith  the  air  iidll  mingle  with  it,  till  succes- 
sive portions  thus  packing  themselves  into  the  confined  space, 
will  act  with  such  elastic  force  upon  the  caoutehouc  as  to 
distend  it  in  a  globular  form,  and  ultimately  burst  it.  The 
experiment  may  be  varied  by  suspending  a  membraneous  bag, 
such  as  the  stomach  of  a  rabbit,  or  other  small  animal,  filled 
with  common  air,  in  an  atmosphere  of  carbonic  acid;  the  latter 
will  penetrate  to  the  former,  and  ultimately  burst  the  bag.  The 
endosmose  is  accompanied  by  an  exosmose^  as  in  die  case  of  the 
two  liquids,  but  the  amount  of  the  gas  which  passes  in  so  much 
exceeds  that  of  the  gas  which  passes  out,  tliat  it  produces  the 
effect  which  has  just  been  indicated.  By  the  slow  action  of  the 
same  forces,  hydrogen  gas,  confined  in  a  bell-jar  which  has  a 
crack  in  its  side,  wiU  gradually  make  its  escape:  and  any  gaa 
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placed  under  a  glass  receiver^  surrounded  by  quicksilver,  will 
sbwly  diffuse  itself  into  the  atmosphere,  by  creeping  through 
the  intervals  between  the  metal  and  the  glass^  which  do  not 
perfectly  adhere  together. 

§  100.  The  law  of  the  diffusion  of  gases  has  been  most 
beautifully  determined  by  Professor  Graham,  by  means  of  what 
he  has  named  a  diffusionr-tubey  which  is  simply  a  graduated  tube 
closed  at  the  upper  end  by  plaster  of  Paris,  or  some  other 
porous  substance.      When  such  a  tube  is  carefully  filled  over 
water,  with  hydrogen  gas  for  instance,  the  closed  end  being 
kept  dry,  the  hydrogen  will  immediately  begin  to  flow  through 
&e  pores,   and  diffuse  itself  in   the   air,  and  that  with  such 
vdodty  as  to  draw  up  after  it  a  column  of  water  of  considerable 
height    The  rise  of  the  water  commences  immediately,   and 
forms  a  very  striking  experiment.     In  a  tube  fourteen  inches 
long  it  will  ascend  six  or  eight  inches  in  as  many  minutes. 
The  atmospheric  air  tends  also  to  pass  in  the  opposite  direction, 
and  as  the   elasticity  of  the   air  in  the  tube  decreases  it  is 
gradually  forced  through   the   pores  by  the   mechanical  pre- 
dominance of  the  exterior  pressure,  and  puts  an  end  to  the 
escape.    In  accurate  experiments  this  may,  however,  be  guarded 
agsdnst  by  gradually  sinking  the  tube  in  the  water-bath,  so  as  to 
maintain  the  water  in  the  interior  at  the  same  level  as  at  the 
exterior.      When    the    difiiision-tube   is   stopped  with    finely 
divided  or  spongy  platinum,   tightly  hanmiered  into   a  brass 
collar,  the  process  goes  on  with  the  greatest  advantage.     By 
experiments  with  the  difiusion-tube  Professor  Graham  deter- 
nimed  that  each  gas,  at  the  same  pressure  and  temperature,  has 
a  difiusiveness  peculiar  to  itself,  which  is  greater  as  its  density 
is  less;  being  inversely  proportional  to  the  square  root  of  the 
dennty  of  the  gas.     Thus  the  density  of  the  air  being  1,  its 
difiusiveness  is  1  also.     The  square  roots  of  the  densities  of  the 
following  gases  is  here  set  down,  and  the  power  of  diffusion  as 
calculated  is  this  manner. 

v^O.069 =0.2627 
Vl. 105  =1.052 
v^O.972- 0.986 
v^0.620= 0.788 
3.807= Difiusiveness  of  Hydrogen. 
0.946=  „  of  Oxygen. 

;   1.014=  „  of  Nitrogen. 

1   1.269=  „  of  Steam. 


Hydrogen 

. 

Oxygen 

• 
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• 
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• 

and  0.2627  :  1  :  J 

:   1 

1.052  :  1  :  : 

1 

0.986  :  1  :  : 
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0.788  :  1  :  J 

1 
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The  results  of  experiments  coincide  so  exactly  with  the  law, 
that  the  density  of  a  gas  may  conversely  ])e  determined  by 
experiment  upon  its  diffusiveness. 

The  law  of  gaseous  diffusion,  it  has  been  shown,  is  included 
under  Dalton's  hypothesis,  that  one  gas  acts  as  a  vacuum  with 
respect  to  another;  for  from  the  physical  properties  of  gaseous 
bodies  it  may  be  deduced  that  the  velocities  of  gases  flowing 
into  a  vacuum  under  like  circumstances,  are  inversely  as  tlie 
square  roots  of  their  densities.  The  velocity  of  air,  of  standard 
density,  rushing  into  a  vacuum  has  been  found  to  be  about 
1300  feet  in  a  second  of  time*. 

§  101.  It  is  scarcely  possible  duly  to  appreciate  in  the 
vast  economy  of  terrestial  adaptations,  the  importance  of  this 
mechanism  by  which  gases  and  vapours  rapidly  permeate  each 
other^s  bulks,  and  become  equally  diffused.  The  atmosphere 
which  surrounds  the  globe  consists,  as  we  shall  hereafter  show, 
of  a  mixture  of  several  aeriform  fluids  in  certain  fixed  propor- 
tions, upon  the  proper  maintenance  of  which,  "  by  measure  and 
by  weight,"  the  welfare  of  the  whole  organic  creation  depends. 
The  processes  of  respiration  and  combustion  are  perpetually 
tending  to  tlie  destruction  of  these  nicely-adjusted  proportions, 
by  the  abstraction  of  the  vital  air,  and  the  substitution  of 
another,  which  is  a  deadly  poison  to  animal  life;  and  yet,  by 
the  simple  means  which  we  have  described,  the  poisonous  air 
is  not  allowed  to  accumulate,  but  diffuses  itself  instantly  through 
surrounding  space,  while  the  vital  gas  rushes,  by  a  counter 
tendency,  to  supply  the  deficiency  which  the  local  consumption 
has  created.  Hence  the  invari])le  uniformity  of  this  mixture, 
which  is  one  of  die  most  surprising  phenomena  where  all  is 
admirable.  Tlie  most  accurate  examination  has  been  made  of 
air  which  has  1)een  taken  from  localities  the  most  opposed  to 
each  otiier  in  all  the  circumstances  which  can  be  conceived  to 
affect  its  purity;  by  means  of  a  balloon,  from  a  height  of  22^000 
feet  above  the  level  of  the  sea; — from  the  surface  of  the  ocean; 
— from  the  heart  of  the  most  crowded  districts  of  the  most 
populous  cities; — from  the  summit  of  Mont  Blanc;— from 
within  the  Polar  Circle; — and  from  the  Equator;  and  no  dif- 
ference has  been  detected  in  the  proportions  of  its  principal 
constituents.  We  shall  return  to 'this  subject  when  we  touch 
upon  the  properties  of  the  different  kinds  of  matter  which 
constitute  this  wonderful  mixture. 

*  Youyo*a  Natural  Pkiloaophp,  voL  i«,  p.  S78. 
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§  102.  To  complete  our  view  of  heterogeneous  adhesion^ 
there  is  one  more  class  of  phenomena  to  which  it  is  necessary 
to  advert,  and  which  is  dependent  upon  the  different  degrees  of 
mtensity  in  which  that  force  exists  between  different  bodies. 
Let  us  take,  as  a  simple  illustration,  the  three  substances,  rosin^ 
water,  and  spirits  of  wine;  between  the  two  liquids  the  attrac- 
tion is  very  powerful^  and  they  may  be  mixed  together  in  any 
proportions;  between  the  spirit  and  the  rosin,  the  attraction  is 
also  strong,  and  the  solid  is  readily  dissolved  in  the  liquid; 
between  the  rosin^  however,  and  the  water,  there  is  scarcely 
any  attraction;  the  former  is  just  capable  of  having  its  surface 
wetted  by  the  latter,  but  it  is  wholly  insoluble  in  it.  Now  if 
we  take  a  solution  of  rosin  in  spirit^  and  pour  water  into  it,  the 
rosin  will  resume  its  solid  form^  and  .will  he  precipitated,  as  it  is 
termed,  or  fall  to  the  bottom  of  the  vessel  in  which  the  experi- 
ment is  made.  The  attraction  between  the  spirit  and  the  water 
is  greater  than  that  between  the  spirit  and  the  rosin^  con- 
sequently it  abandons  the  latter  to  unite  itself  with  the  former; 
and  this  goes  by  the  name  of  elective  attraction,  as  the  water  is 
figuratively  supposed  to  exert  a  choice  between  the  two  bodies, 
to  both  of  which  it  is  capable  of  attaching  itself.  If,  again,  we 
pour  some  oil  of  vitriol  into  a  saturated  solution  of  blue  vitriol, 
we  shall  have  another  instance  of  elective  attraction.  The  water 
which  held  the  salt  in  solution  will  be  abstracted  by  the  superior 
force  of  the  acid,  and  the  salt  will  be  precipitated  in  the  solid 
form. 

The  same  play  of  attraction  is  also  found  in  the  case  of 
gaseous  bodies,  and  if  well-burned  charcoal  be  shaken  with  a 
solution  of  sulphuretted  hydrogen  in  water,  it  will  entirely 
abstract  the  gas,  so  that  the  water  will  not  only  be  completely 
inodorous,  but  the  most  delicate  tests  will  fail  to  detect  in  it 
the  slightest  remains  of  gas. 

§  103.  The  most  usual  practical  mode  of  separating 
bodies  which  are  united  by  the  force  of  heterogeneous  adhesion, 
is  by  effecting  changes  in  their  physical  states  by  means  of 
changes  of  temperature.  If  it  be  required  to  recover  a  solid 
from  its  solution  in  a  liquid,  the  solution  is  placed  in  a  shallow 
pan  or  basin,  and  heat  applied^  when  the  liquid  will  be  eva- 
porated, and  the  solid  remain.  If  it  be  necessary  to  preserve 
the  liquid  also,  as  a  valuable  product,  the  process  is  carried  on 
in  dose  vessels,  and  the  vaporized  Uquid,  after  quitting  the 
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solid^  is  condensed  by  refrigeration  in  a  separate  vesseL  ' 
process  is  called  distillation^  and  may  also  be  applied  to  i 
tures  of  liquids  of  different  degrees  of  volatility. 

The  abstraction  of  heat,  and  the  consequent  decrease  of 
force  of  self-repulsion^  or  the  increase  of  homogeneous  cohes 
may  also  occasionally  be  employed  for  the  same  purpose.  T 
by  the  appUcation  of  cold  the  aqueous  part  of  sea-water  ma 
frozen^  and  a  strong  brine  will  remain  behind;  or  brand} 
any  other  mixture  of  water  and  alcohol^  may  be  frozen  so  i 
leave  the  spirituous  part  nearly  in  a  state  of  purity.  Vap< 
again^  may  be  separated  from  gases,  by  a  reduction  of  t 
perature;  but  other  forces  must  be  had  recourse  to  for 
separation  of  mixed  gases,  on  account  of  the  inadequacy  o 
ordinary  means  to  affect  their  physical  state. 

VI.     CRYSTALLIZATION. 

§  104.  We  must  yet  pause  for  a  short  time  upon 
equilibrium  of  the  two  forces  of  heterogeneous  and  homogen 
attraction;  or  rather  upon  the  exact  moment  when  the  latt 
about  slowly  to  assume  the  ascendancy,  and  to  withdraw  a  ] 
from  its  solution  in  a  liquid  under  the  influence  of  the  for 
We  have  already  noticed  the  similar  phenomena  which  pre 
themselves  when  the  force  of  homogeneous  attraction  be 
gradually  to  prevail  over  homogeneous  repulsion  (§  77)  >  the  p 
cles  do  not  solidify  into  confused  masses,  but  arrange  themsi 
with  the  utmost  order  of  internal  structure  and  external  for 

When  the  water  of  a  solution  of  sugar  has  been  part 
abstracted,  and  the  concentrated  syrup  left  for  some  tim 
rest,  this  kind  of  regular  solidification  takes  place;  the  fort 
cohesion  builds  up  the  solid  into  the  regular  well-known  f< 
of  sugar-candy.  If  this  process  of  consolidation  be  haste 
or  disturbed,  the  crystallization  takes  place  in  a  conf 
manner,  and  the  texture  of  the  mass  is  that  of  loaf-sugar. 

All  those  bodies  which  are  denominated  salts,  and  man 
which  are  very  commonly  known,  crystallize  in  this  ma 
from  their  solution,  and  present  forms  of  the  utmost  symm 
and  beauty:  thus  common  salt,  under  ordinary  circumstai 
assumes  the  form  of  the  cube;  alum,  that  of  the  octohed 
saltpetre,  that  of  a  six-sided  prism;  and  epsom  salt,  that 
four-sided  prism.  The  largeness  and  regularity  of  the  fc 
are  in  general  proportionate  to  the  slowness  of  the  operai 
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and  the  quantity  of  solution  from  which  the  crystals  are  depo- 
sited. Many  crystals  are  met  with  in  nature  which  cannot  yet 
be  fonned  by  art;  such  as  rock  crystal^  in  beautiful  six-sided 
prisms;  the  diamond^  in  the  form  of  the  octohedron^  &c,y  &c.; 
but  we  cannot  doubt^  from  analogy^  that  they  are  produced 
by  the  same  species  of  operation  as  those  which  we  can  repeat 
in  our  laboratories.  The  modifications  of  forces,  which  were 
opposed  to  their  cohesion,  and  gave  their  particles  freedom  of 
action  by  suspending  and  counteracting  its  power,  may  be,  in 
many  cases,  unknown  to  us,  but  the  principle  of  their  operation 
is  plainly  to  be  recognised. 

§  105.  The  ascendancy  of  cohesion  is  sometimes  deter- 
mined by  apparently  slight  and  almost  inappreciable  circum- 
stances. Agitation,  or  a  mere  vibration,  the  contact  of  some 
foreign  substance,  or,  more  certainly,  the  contact  of  a  crystal 
of  the  same  substance,  will  cause  the  crystallization  to  commence. 
It  will  almost  always  take  place  round  any  solid  centre  or 
nucleus  which  may  be  presented  to  it,  provided  such  solid  be 
capable  of  being  wetted  by  the  liquid.  In  the  manufacture  of 
sugar-candy,  verdigris,  sulphate  of  copper,  prussiate  of  potash, 
&c.,  strings,  twigs  of  wood,  and  wires  are  placed  in  the  solutions, 
and  may  generally  be  found  in  the  centres  of  very  large  groups 
of  these  crystals. 

If  a  hurge  glass  flask,  with  a  long  neck,  be  filled  with  a 
saturated  solution  of  glauber  salts  (sulphate  of  soda),  and  boiled, 
80  as  that  the  steam  may  expel  all  the  common  air,  and  the 
mouth  of  the  flask  be  accurately  closed  with  a  good  cork  whilst 
the  vapour  is  rushing  out,  it  may  be  cooled  down  to  the  common 
temperature  of  the  air,  in  a  quiet  place,  without  depositing  any 
crystals.  Upon  withdrawing  the  cork  the  air  will  rush  into  the 
void  space  formed  by  the  condensation  of  the  steam,  and  crys- 
tallization will  almost  immediately  conmience. 

Thb  action,  as  well  as  that  of  the  solid  nucleus,  may  probably 
^  explained  by  the  assisting  action  of  the  heterogeneous  attrac- 
tion of  the  foreign  body  for  the  water  of  the  solution.  A  portion 
^  the  latter  attaches  itself  to  the  air,  which  it  absorbs,  or  to 
tke  solid,  which  it  wets,  and  is  withdrawn  from  the  solution,  the 
^^^Btailization  of  which  is  thus  determined. 

If  a  mixed  solution  of  two  salts,  such  as  nitre  and  glauber 
8^,  be  made,  and  divided  into  two  portions,  the  suspension  in 
^^  of  a  crystal  of  nitre  will  determine  the  solidification  of  that 
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salt  alone^  whilst  only  sulphate  of  soda  vnil  be  precipitated  in 
the  other  by  a  crystal  of  the  latter  salt. 

The  influence  of  foreign  bodies,  in  modifying  the  act  of 
crystaUization,  is  also  shown  in  another  way:  salts  which  are 
formed  in  turbid,  muddy  solutions,  containing  earthy  or  carbo- 
naceous substances,  are  generally  of  a  larger  size,  and  some- 
times of  difierent  forms  from  those  which  are  deposited  from 
pure  water.  Thus,  in  the  manufacture  of  tartaric  and  citric 
acids,  the  rough,  brown,  crystals  of  the  first  process  are  always 
much  larger  and  bolder  than  those  of  the  pure  transparent 
products  of  the  last  operation,  and  when  some  of  the  animal 
substance  urea  is  added  to  a  solution  of  common  salt,  the 
crystals  which  are  deposited  from  it  are  of  tlie  octohedral, 
instead  of  the  cubic  form. 

§  106.  Cr}'stals  may  be  increased  in  size,  and  modified 
in  form,  by  artificial  management,  according  to  a  process  dis- 
covered by  M.  Le  Blanc.  This  consists  in  selecting  very 
regular  cr}*stals  of  a  salt  that  have  been  newly  formed,  and 
placing  them  in  a  saturated  solution  of  the  same  salt.  A  regular 
solidification  of  fresh  matter  will  take  place  upon  tliem,  and  as 
the  side  which  is  in  contact  with  the  containing  vessel  receives 
no  increase,  they  must  be  turned  daily  to  preserve  their  regu- 
larity. After  some  time  the  largest  and  most  regular  of  these 
crystals  is  selected,  and  the  same  process  repeated  upon  them; 
and  thus  crystals  larger  and  more  regular  than  are  usually 
formed  in  a  solution  may  be  obtained. 

Dr.  WoUaston  made  a  remark  upon  the  spontaneous  growth 
of  large  crystals  at  the  expense  pf  small  ones,  in  the  same 
solution  exposed  to  changes  of  temperature,  which  illustrates 
in  a  beautiful  manner  the  alternate  ascendancy  of  the  two 
antagonist  forces.  When  the  temperature  rose  the  solvent 
power  of  the  liquid  was  increased,  and  some  of  the  solid  matter 
of  the  crystals  was  abstracted;  but  when  the  temperature  agun 
fell  this  was  deposited  in  a  greater  proportion  upon  the  laiger 
masses  than  upon  the  smaller,  so  that  the  latter  were  in  the 
end  entirely  taken  up,  and  deposited  upon  the  former. 

§  107.  Crystallographers  early  observed^  that  certain 
crystalline  forms  were  peculiar  to  certain  classes  of  substmoea: 
thus,  each  of  the  different  salts  which  have  been  already  namedy 
has  its  appropriate  form:  calcareous  spar  crystalliies  in  ibom- 
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Ix^drons;  fluor  spar,  in  cubes;  quartz,  in  six-sided  prisms, 
terminated  by  six-sided  pyramids.  Crystalline  form  may  there- 
fore serve,  to  a  certain  extent,  as  a  ground  of  distioctioD  between 
different  substances,  and  is  accordingly  employed  by  mineralo- 
gists to  distinguish  one  mineral  from  another.  It  is  also  very 
KTviceable  to  cbemists,  in  assisting  them  to  distinguish  different 
ipedes  of  the  numerous  class  of  salts. 

Crystallogbapby,  however,  firom  its  great  extent,  now 
constitutes  a  separate  branch  of  science,  and  it  does  not  fell  within 
the  compass  of  our  present  plan  to  do  more  than  attempt  a 
comprehensive  view  of  the  more  simple  geometrical  forms  which 
^ese  solids  assume,  and  the  general  laws  by  which  they  are 
limited  and  connected  together. 

§  108.  The  surfaces  which  bound  the  figures  of  crystals 
are  called  planet  or  /acea,  and  are  generally  flat.  The  lines 
formed  by  the  junction  of  the  two  planes  are  termed  edgtt;  and 
tlie  wf^U  formed  by  two  such  edges,  a  plane  angle;  a  tolid  angle 
11  the  point  formed  by  the  meeting  of,  at  least,  three  planes. 
Ilieir  forms  are  commonly  divided  into /trunt/ive  mAiecoHdaryi 
amongst  the  principal  primitive  forms  are  reckoned  the  tetra- 
Mrott,  the  cube,  the  octahedron,  the  six  and  four-tided  prinu, 
the  rhombohedron  (24). 

§  109.  It  is  very  seldom  indeed  that  these  forms  are 
perfect  and  complete;  sometimes  extra  faces  are  formed  by  the 


(24)     Forms  of  Ciyslals.  .j^ 

Tba  Cnbe.  The  Tetrahedion.  >>e  Octobednn. 

llw  HcsalMdrsI  The  RkomboiiUl  The  TnanKtilai' 
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replacement  of  an  edge,  or  the  truncation  of  an  angle.  It  seems 
as  if  the  architecture  of  nature  had  been  interrupted  in  midway; 
but  it  is  always  obvious  tliat  if  the  process  had  been  continued, 
the  perfect  form  would  have  resulted.  Secondary  forms  may 
be  conceived  to  be  derived  from  a  primitive  intention,  so  to 
speak,  checked  in  the  original  direction,  and  forced  into  another. 
Thus  all  the  eight  angles  of  a  cube  may  be  conceived  to  l>e 
truncated,  and  replaced  by  eight  trianguliu*  faces;  an  extension 
of  which  faces  would  totally  obliterate  the  original  planes  of  the 
cube,  and  a  secondary  octahedron  would  be  formed. 


§  110.  The  science  of  crystallography  requires  the  most 
exact  measurement  of  the  angles  and  inclination  of  the  planes  of 
crj'stals;  and  the  instruments  by  which  this  is  effected  are  called 
goniomettr8> 

The  simplest  of  these  consists  of  a 'protractor,  or  semicircular 
scale  of  degrees,  and  a  small  pair  of  com])asses  or  ni])pers, 
between  which  the  sides  of  the  crystal  are  adjusted,  and  the  legs 
of  which,  crossing  each  other  at  the  centre,  show  upon  the  scale 
the  number  of  degrees  included  between  them  (25). 

But  the  reflecting  goniometer  of  Dr.  Wollaston  is  at  once 


(25)  A  A  is  graduated  brass  semicircle,  and  B  n  n  n,  a  pair  of 
proportional  compasses,  moving  upon  the  centre,  and  capable  of  being 
lengthened  or  shortened  by  sHding  upon  the  same  centre.     The  faces 


of  the  ciystal  are  embraced  by  the  exterior  legs  of  the  compaMW^  and 
the  Talae  of  the  angle  comprised  between  them  may  be  letul  off  apon 
the  lemicircle  by  the  knife  edge  of  the  leg  b  o  b. 
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be  most  accunte,  nseful,  and  elegant  of  these  instraments.  A 
If  of  light  reflected  from  the  auiftux  of  the  crystal  is  employed 
II  the  radius  of  the  circle,  instead  of  the  prolongation  of  the 
ni&ce  itself.  One  plane  of  the  crystal  is  brought  into  a  fixed 
notion  with  regard  to  the  measuring  circle,  by  means  of  the 
ij,  uid  the  inclination  of  an  adjoining  pUne  is  determined  by  the 
nc  which  it  ia  necessary  to  turn  the  crystal  to  bring  the  second 
ihoe  into  the  position  of  the  first.  This  method  is  so  accurate 
itt  it  will  give  the  inclination  of  planes  to  each  other,  whose 
ra  is  less  than  nAoTith  of  an  inch,  to  a  niinute  of  a  de- 
^  (26).  

(S6)  a  i  IB  the  principnl  circle,  graduated  on  the  edge  to  half 
IqiKa;  c  is  a  brass  plate,  graduated  as  a  Ternier,  and  fixed  upon  the 
div  J;  J  J  is  the  axle  of  the  circle,  and  passes  through  the  upper 
•It  of  the  two  pillars  d  e;  g  h  is  an  axle  inclosed  within  J"/,  and 
■med  by  means  of  the  small  circle  t,  which  communicates  a  motion 
B  sU  the  apparatus  on  the  left  of  h,  without  moTing  the  principal 
ada.  Tht  latter  is  turned  by  moving  k;  and  as  the  axle  of  the 
riiapal  circle  includes  the  former,  we  necessarily  moTe  the  wfaola 
■Iniineiit  by  moving  the  circle  t.  The  crystal  to  be  measured  is 
i»d  by  wax  to  the  end  of  a  plate  of  brass,  n,  placed  in  the  upper 
■n  of  ilie  brass  atem  o,  by  the  moreraenta  of  which,  combined  with 
b  motion  of  the  interior  axis,  it  may  be  accutatelr  adjusted  by  com- 


e  fixed  horisontal  line, 


»  which  its  prindpal  edges 

» to  be  inad«  parallel.     The  reflected  image  of  the  bar  of  a  window, 
m  du  fiutea  of  the  CTTstaL  compared  with  another  bar,  wil 


will  answer 
q2 
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§  111.  But  the  slow^iindisturbed  progressive  action  of  the 
cohesive  force  not  only  determines  the  symmetry  of  the  exter- 
nal figures  of  crystals,  but  confers  upon  them  an  internal  structure 
which  is  equally  regular,  and  from  which  it  has  been  inferred  thit 
they  are  composed  of  imperceptible  molecules  of  certain  geom^ 
trical  dimensions,  no  less  definite  than  the  sensible  solids  whose 
properties  they  determine.     This  is  not  immediately  apparent 
to  the  eye,  but  is  indicated  by  the  action  of  any  force  carefully 
applied,  and  just  sufficient  to  destroy  their  texture.     Mechanical 
force  even  is  sufficient  to  indicate  the  regularity  and  difference 
of  arrangement  in  different  species.     It  was  long  known  to 
diamond-cutters  that  that  precious  gem  might  be  split  in  cer- 
tain directions  with  greater  facility  than  in  others,  but  M.  Hauf 
was  the  first  to  employ  cleavage  in  the  regular  dissection  of 
crystals. 

§  112.  He  took  a  six-sided  prism  of  calcareous  spar,  and 
in  attempting  to  split  it  by  the  edge  of  a  knife,  gently  struck  or 
the  back  with  a  small  hammer,  he  found  that  of  the  six  edges  of 
the  superior  base  the  three  alternate  only  yielded  to  the  blow, 
and  that  the  division  there  took  place  at  a  certain  determinate 
angle.  The  three  intermediate  edges  resisted  this  division;  but 
in  applying  the  same  force  to  the  inferior  base  of  the  crystal  tbe 
intermediate  edges  alone  yielded.  By  following  up  this  cleayage, 
in  the  natural  directions  thus  pointed  out,  the  new  formed  fiicci 
met  together,  and  he  at  length  obtained  an  obtuse  rhombohednM 
of  definite  angles,  which  was  further  divisible,  in  the  direction 
of  its  planes,  into  an  infinite  number  of  similar  smaller  rhomka- 
hedrons.     He  also  found  that  any  crystal  of  calcareous  spar,  of 

the  purpose  yery  well.  The  circle  must  be  adjusted  to  0°  when  the 
crystal  is  in  this  position,  and  then  by  turning  it  round  till  the  refleo- 
tion  of  the  same  bar  is  seen  from  an  adjoining  face,  the  number  of 
degrees,  &c.,  read  off  by  the  vernier,  will  measure  the  complement  of 
the  angle  which  they  make  together. 

In  a  section  of  the  crystal,  let  a  c  B 
be  the  angle  formed  by  two  of  its  planeSi 
let  a  b  he  the  ray  of  light,  which  after 
reflection  will  enter  the  eye  at  c.  If  the 
crystal  be  now  turned  round,  till  the  a^^ 
c  B  come  into  the  position  of  c  a,  it  is 
obvious  that  the  crystal  must  have  gone 
through  an  angle  equal  to  d  c  B,  which  is  the  supplement  of  a  c  b,  the 
angle  formed  by  the  planes  of  the  crystal. 
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whatever  exterior  form  (and  its  varieties  amount  to  several 
hundred),  could,  by  careful  cleavage,  be  resolved  into  similar 
solids,  and  into  no  other  regular  geometrical  shape;  the  form 
persisting  to  the  utmost  limit  to  which  regular  mechanical  divi- 
sion can  be  carried  (27). 

§  113.  Other  substances  are  capable  of  similar  dissec- 
tion; but  the  ultimate  form  is,  in  many  cases,  peculiar  to  the 
sabstance  so  examined.  A  crystal  of  galena,  (sulphuret  of  lead,) 
whether  of  a  cubic  or  octohedral  shape,  can  readily  be  separated 
by  mechanical  force  into  a  number  of  small  cubic  particles. 

If  we  take  a  cube  of  jUtor-apary  and  apply  the  edge  of  a 
knife  with  a  little  dexterity,  we  shall  find  that  its  eight  soUd 
comers  may  be  removed,  and  that  the  new  formed  planes  will 
coincide  with  those  of  a  regular  octohedron.  We  may  go  on 
separating  slices  from  any  of  these  faces,  all  of  which  may  be 
split  into  acute  rhombohedrons.  These  rhombohedrons,  unlike 
the  obtwe  rhombohedrons  of  calcareous  spar,  will  be  found  to  be 
not  only  divisible  in  directions  parallel  to  their  six  faces,  but 
may  be  divided  into  two  tetrahedrons  and  one  octohedron. 
Tie  four  solid  angles,  again,  of  the  two  tetrahedrons  may  be 
spKtoff,  and  two  octohedrons  will  remain;  and  the  octohedrons 
itgain  may  be  divided  into  six  smaller  octohedrons  and  eight 
tetrahedrons.  Thus  the  whole  mass  may  be  resolved  into  tetra- 
hedra  and  octohedra,  no  one  of  which  can  we  conceive  so  small 
unot  to  be  again  divisible  in  a  similar  manner  (28). 


(27)  a  b  c — a  b  c  represents  a  six  sided 
prism  of  calcareous  spar;  at  b  and  c  above,  and  c 
^ow,  are  shown  three  of  the  new  faces  pro- 
^Qoed  by  the  cleavage,  which  are  inclined  at  an 
^eof45^.  The  obtuse  rhombohedron  is  seen 
^  iti  relative  situation  to  the  including  prism. 


(28)  The  following  figures  represent  the  regular  solids  which  are 
^criTablc  from  the  cleavage  of  fluor-spar.  The  cube,  c /J  ef^  is  con- 
vertible into  the  octohedron,  a  b  c  d^hy  division  in  the  direction  of  its 
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§  114.  Such  a  regul&r  cleavage,  or  yielding  of  the  ibne 
of  cohesion  in  particular  planes,  must  obviously  depend  opoo 
regularity  of  internal  structure,  which  may  also  be  made  to 
appear  by  a  gentle  applicatioQ  of  other  than  mechanical  forces. 
If  we  take  a  mass  of  alum  of  sufficient  size,  all  traces  ol 
whose  exterior  crystalline  form  have  been  removed  by  cuttinj 
and  grinding,  and  expose  it  to  the  solvent  power  of  water,  tht 
Sutd  will  act  upon  it  at  first  in  all  directions  aUke;  but  as  thi 
water  approaches  its  point  of  saturation  the  force  of  heteio 
geneous  adhesion  diminishes,  and  is  nearly  balanced  by  tb 
force  of  homogeneous  cohesion,  which  latter  only  yields  nlti 
mately  in  those  directions  of  least  resistance,  which  are  detei 
mined  by  the  regular  structure  of  crystalline  airangemeul 
Under  these  circumstances  its  surface  will  become  ^nbasse 
with  the  forms  of  octohedrons  and  sections  of  octohedrons,  an 
an  immense  variety  of  geometrical  figures  stamped,  as  it  wen 
or  carved  upon  its  substance  (29).  Other  salts  will  presei 
analogous  phenomena,  and  metals  themselves,  which  have  bee 
slowly  cooled  from  a  state  of  fusion,  exhibit  a  similar  r^;uh 
arrangement  of  their  particles  when  subjected  to  dissection  b 
the  force  of  chemical  affinity  in  the  action  of  acids.  A  mass  ( 
nickel  thus  soon  becomes  covered  with  tetrahedral  figures  i 
great  relief  and  beauty,  by  the  action  of  nitric  acid ;  and  gol 
itself,  carefully  cast  and  cooled,  by  the  action  of  aqtia  rq^ 
The  beautiful  forms  of  the  Moir^e   miiallique,  which  at  oi 


solid  angles.     The  acute  rhombohedron  may  also  be  extracted  from 
umilar  cube,  by  making  two  successive  and  parallel  sections  in  tl 


^ 


same  directions,  and  by  the  removal  of  the  tetrahedron  fmn  w 
extremity  the  octohedron  may  be  eauly  obtuned. 

(29)     The  following  figures  represent  the  dissected  fimni  of ' 
mass  of  alum  in  water.     The  first  appear  upon  the  faces  whidi  ■" 
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liue  exited  so  much  attention  and  admiration  in  their  applica- 
tiun  to  ornamental  purposes,  were  produced  by  the  action  of 
veak  acids  on  common  tin  plate,  and  the  very  cheapness  arising 
irom  the  simplicity  of  the  operation  soon  brought  the  manu- 
hcture  into  disrepute. 

i  115.  Heat  may  also  be  employed  aa  the  antagonist 
force  to  develope  the  beautiful  architecture  of  homogeneous 
■tiraction.  If  a  large  crystal  of  sulphuret  of  antimony  be  intro- 
duced into  a  portion  of  fused  sulpharet,  and  the  heat  be  mode- 
nldy  continued,  it  will  begin  to  melt  down;  but  so  br  from 
this  taking  place  nniformly  at  the  surface,  crystals  will  some- 
times he  left  projecting  half  an  inch  from  it;  and  in  other  places 
the  cavities  left  by  fused  crystals  will  be  so  large,  and  have  such 
perfect  surfaces,  that  their  angles  may  readily  be  ascertained. 
In  order  to  observe  these  phenomena  it  is  only  necessary  to 
remove  the  half-fused  piece  of  sulphuret  from  its  hot-bath,  and 
»l!ow  it  to  cool. 


f  116.  Definite  structure  in  cert^n  soUds,  which  camiot 
euctly  be  called  crystalline,  because  they  do  not  present  exact 
gmmetrical  figures,  may  be  rendered  apparent  by  a  similar 
opposition  of  forces.  Pure  malleabU  bar-iron,  by  the  action  of 
^QU  muriatic  acid,  may  thus  be  shown  to  be  constituted  of 
Wdles  of  fibres  running  in  a  parallel  and  unbroken  course 


ioEliapd  to  each  other  at  the  same  angles  as  those  of  the  ^es  of  the 
'^ohcilraii :  the  second,  upon  plunes  wliich  would  be  tangents  to  the 


*Jges  of  the  tame  figure,  or  upon  the  sides  of «  four-sided  prism,  of 
■hieh  the  two  pynnnids  of  the  octohcdron  would  \>c  lUc  suinmits. 
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throughout  its  length;  while  different  varieties  of  cast  vto 
will  present  congeries  of  plates^  and  a  structure  more  near! 
approaching  the  crystaUine.  The  peculiar  toughness  of  the  one 
and  the  fragility  of  the  other^  derive  their  explanation  from  thi 
difference  of  texture. 

§  117-  The  regular  direction  and  antagonism  of  sue 
forces  is  again  displayed  in  a  very  interesting  manner^  by  tb 
action  of  quicksilver  upon  small  bars  of  tin.  The  force  of  adh( 
sion  between  these  metals  is  very  strong,  and  is  capable  < 
entirely  overcoming  the  force  of  cohesion.  If  a  small  squai 
bar  of  tin  be  laid  horizontally,  be  just  covered  with  mercur 
and,  to  preserve  imiformity  of  action^  be  frequently  turned  upc 
its  different  faces,  at  the  expiration  of  twenty-four  hours  minu 
fissiu'es  will  begin  to  appear  along  its  lateral  and  terminal  edge 
As  the  process  continues  the  cracks  will  widen,  and  about  tl 
third  day  they  will  open  to  such  a  degree  as  to  show  that  tl 
bar  is  resolved  into  foiu*  equals  trihedral,  rectangular  prism 
with  two  equal  angles.  These  may  readily  be  separated  fro 
each  other  by  the  point  of  a  knife,  as  well  as  two  similar  pyr 
mids  from  the  two  extremities,  with  angles  at  their  basis  of  45 
It  is  indifferent  to  this  result  whether  the  square  form  be  pn 
to  the  bar,  by  casting,  hammering,  or  the  filing  down  of  ai 
other  shape. 

Here  it  would  appear,  that  as  the  mercury  penetrates  tl 
four  faces  of  the  bar,  the  original  force  of  cohesion  is  weakene 
a  new  force  of  cohesion  between  the  particles  of  the  amalga 
draws  them  towards  the  centre  of  the  four  rectangular  prisB 
into  which  we  may  conceive  the  bar  to  be  divided,  and  caus 
the  mass  to  separate  along  the  lines  of  least  resistance,  whi< 
coincide  with  the  edges  (30). 

(30)     Dissected  bars. 


This  figure  shows 
the  four  trihedral  bars 
which  result  from  the 
disintegration  of  a 
square  bar  of  tin  by 
the  action  of  mercury. 


In  this  figure 
represented  the  regal 
crack  which  occnxs 
the  edge  of  the  bar  pi 
yiously  to  its  final  sef 
ration,  together  with  t 
small  pyramid  detach 
from  the  summit. 
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§  118.  A  similar  effect  may  be  produced  by  careful  ham- 
mering upon  bars  of  malleable  metals.  If  square  bars  be  ham- 
mered upon  tbe  edges^  and  the  blows  repeated  round  them,  so 
as  to  give  them  a  cylindrical  shape,  they  soon  become  what  is 
technically  called  rotten,  and  break  into  fibres;  but  when  the 
blows  are  directed  parallel  to  their  faces,  they  are  capable  of 
great  extension;  but  many  of  them,  by  alternate  hammering 
upon  each  face,  ultimately  split  along  the  edges  in  a  manner 
very  similar  to  that  which  is  produced  by  the  heterogeneous 
adhesion  of  the  mercury  to  the  bar  of  tin.  Wlien  it  is  desired 
to  give  a  round  form  to  any  part  of  a  square  bar,  it  is  effected 
by  confining  it  in  a  kind  of  form  or  mould,  and  the  mechanical 
force  thus  applied  produces  an  equfdity  of  pressure.  It  is  by  a 
similar  precaution  to  equalize  the  pressure,  that  metals  are 
capable  of  being  drawn  into  fine  wires,  through  circular  holes  in 
steel  plates. 

A  carious  and  interesting  discussion  has  lately  arisen  with 
r^d  to  the  alteration  of  structure  which  the  iron  axles  of 
carriages  are  liable  to  from  the  perpetual  tremulous  vibration 
to  which  they  are  exposed  upon  the  railways.  The  toughest 
and  most  fibrous  wrought  iron  is  always  selected  for  the  pur- 
pose, but  it  is  beUeved  that  under  this  vibration  the  particles 
slowly  assume  a  crystalline  arrangement  like  cast  iron,  and 
ultimately  become  brittle.  This  important  point  is  now  under- 
going the  careful  examination  w^hich  it  so  well  deserves,  both 
in  a  scientific  and  practical  point  of  view. 

§  119.  The  phenomena  of  crystalline  structure  which 
have  now  been  described,  have  given  rise  to  two  rival  hypo- 
theses with  regard  to  their  cause^  and  to  accoimt  for  the  forms 
of  the  molecules  which  are  thus  capable  of  being  built  up  into 
the  beautiful  geometrical  solids,  which  have  in  all  times  excited 
the  admiration  qf  the  curious. 

Guided  by  the  mechanical  dissection  of  different  crystals,  of 
^hich  we  have  already  given  an  account,  M.  Haiiy  imagined 
^t  the  form  which  was  ultimately  obtained  by  following  up  the 
cleavage  till  the  new  formed  planes  met  together  in  a  symnie- 
tncal  manner,  and  which  in  the  case  of  calcareous  spar  is  a 
rhombohedron  of  definite  angles  (27),  constituted  the  primitive 
^orm  of  the  substance,  and  was  the  form,  in  fact,  of  its  ultimate 
nnolecules.  From  aggregations  of  these,  externally  modified 
'^rding  to  geometrical  laws,  he  conceived  all  secondary  forma 
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throughout  its  length;  while  different  varieties  of  cast  iron 
will  present  congeries  of  plates^  and  a  structure  more  nearly 
approaching  the  crystalline.  The  peculiar  toughness  of  the  one, 
and  the  fragility  of  the  other,  derive  their  explanation  from  this 
difference  of  texture. 

§  117*  The  regular  direction  and  antagonism  of  such 
forces  is  again  displayed  in  a  very  interesting  manner,  by  the 
action  of  quicksilver  upon  small  bars  of  tin.  The  force  of  adhe- 
sion between  these  metals  is  very  strong,  and  is  capable  of 
entirely  overcoming  tlie  force  of  cohesion.  If  a  small  square 
bar  of  tin  be  laid  horizontally,  be  just  covered  with  mercury, 
and,  to  preserve  uniformity  of  action,  be  frequently  turned  upon 
its  different  faces,  at  the  expiration  of  twenty-four  hours  minute 
fissures  will  begin  to  appear  along  its  lateral  and  terminal  edges. 
As  the  process  continues  the  cracks  will  widen,  and  about  the 
third  day  they  will  open  to  such  a  degree  as  to  show  that  tlie 
bar  is  resolved  into  four  equal,  trihedral,  rectangular  prisms, 
with  two  equal  angles.  These  may  readily  be  separated  from 
each  other  by  the  point  of  a  knife,  as  well  as  two  similar  pyrar 
mids  from  the  two  extremities,  with  angles  at  their  basis  of  45°. 
It  is  indifferent  to  this  result  whether  the  square  form  be  given 
to  the  bar,  by  casting,  hammering,  or  tlie  filing  down  of  any 
other  shape. 

Here  it  would  appear,  that  as  the  mercury  penetrates  the 
four  faces  of  the  bar,  the  original  force  of  cohesion  is  weakened, 
a  new  force  of  cohesion  between  the  particles  of  the  amalgam 
draws  them  towards  the  centre  of  the  four  rectangular  prisms 
into  which  we  may  conceive  the  bar  to  be  divided,  and  causes 
the  mass  to  separate  along  the  lines  of  least  resistance,  which 
coincide  with  the  edges  (30). 

(30)     Dissected  bars. 


This  figure  shows 
the  four  trihedral  bars 
which  result  from  the 
disiDtegration  of  a 
square  bar  of  tin  by 
the  action  of  mercury. 


In  this  figure  is 
represented  the  regular 
crack  which  oocon  in 
the  edge  of  the  bar  pre- 
viously to  its  final  sepa- 
ration, together  with  the 
small  pyramid  detached 
fipom  Ihe  summit. 
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5  lis.  A  similar  effect  may  be  produced  by  careful  ham- 
iiieriiig  upon  bars  of  malleable  metals.  If  square  bars  be  ham- 
mered upon  the  edges^  and  the  blows  repeated  round  them,  so 
as  to  give  them  a  cylindrical  shape,  they  soon  become  what  is 
technically  called  rotten,  and  break  into  fibres;  but  when  the 
blows  are  directed  parallel  to  their  faces,  they  are  capable  of 
great  extension;  but  many  of  them,  by  alternate  hammering 
u[Km  each  face,  ultimately  split  along  the  edges  in  a  manner 
very  similar  to  that  which  is  produced  by  the  heterogeneous 
adhesion  of  the  mercury  to  the  bar  of  tin.  When  it  is  desired 
to  give  a  round  form  to  any  part  of  a  square  bar,  it  is  effected 
by  confining  it  in  a  kind  of  fonn  or  mould,  and  the  mechanical 
force  thus  applied  produces  an  equality  of  pressure.  It  is  by  a 
similar  precaution  to  equalize  the  pressure,  that  metals  are 
capable  of  being  drawn  into  fine  wdres,  through  circular  holes  in 
steel  plates. 

A  curious  and  interesting  discussion  has  lately  arisen  with 
regard  to  the  alteration  of  structure  which  the  iron  axles  of 
carriages  are  liable  to  from  tlie  perpetual  tremulous  vibnition 
to  which  they  are  exposed  upon  the  railways.  The  toughest 
and  most  fibrous  \\Tought  iron  is  always  selected  for  the  pur- 
pose, but  it  is  believed  that  under  this  vibration  the  particles 
slowly  assume  a  crystalline  arrangement  like  cast  iron,  and 
ultimately  become  brittle.  This  important  point  is  now  under- 
going the  careful  examination  which  it  so  well  descr\'es,  both 
in  a  scientific  and  practical  point  of  view. 

§  119.  The  phenomena  of  crystaUine  structure  which 
have  now  been  described,  have  given  rise  to  t^i'o  rival  hypo- 
theses with  regard  to  their  cause,  and  to  account  for  the  forms 
of  the  molecules  which  are  thus  capable  of  being  built  up  into 
the  beautifiil  geometrical  solids^  which  have  in  all  times  excited 
the  admiration  cf  the  curious. 

Guided  by  the  mechanical  dissection  of  different  crystals,  of 
which  we  have  already  given  an  account,  M.  Haiiy  imagined 
tihat  the  form  which  was  ultimately  obtained  by  following  up  the 
desvage  till  the  new  formed  planes  met  together  in  a  symme- 
tricil  manner,  and  which  in  the  case  of  calcareous  spar  is  a 
dmnboliedion  of  definite  angles  (27)^  constituted  the  primitive 
ioni  of  die  ■abstence,  and  was  the  form^  in  &ct,  of  its  ultimate 
■i^mtlf  T  Rom  aggn^gations  of  these,  externally  modified 
■*tfflHUiH  to  geometrical  laws,  he  conceived  all  aecandarp  forms 
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of  the  same  substance  miglit  be  produced.  Tliere  is  no  diffi- 
culty, in  fact,  ill  admitdug  that  incunceivably  small  paralle- 
lopipedom  of  all  varieties  of  angles,  may  be  built  up  into  masses 
wbicli  would  have  tlie  same  relations  of  sides  and  angles.  He 
further  supposed  that  the  external  modificatiuns  of  tliis  struc- 
ture, which  produce  the  numberless  varieties  of  secondary 
forms,  but  which  are  still  limited  by  certain  definite  geometrical 
relations  to  the  primitive  form,  originate  from  decrements,  or 
deficiencies  of  particles,  taking  ])lace  in  the  act  of  crystallization, 
on  different  edges  and  angles  of  the  primitive  form.  Thus,  if 
upon  a  comiround  cube  made  up  of  a  large  number  of  small 
cubes,  we  place  layers  of  cubic  particles,  decreasing  each  by 
a  row  of  particles  parallel  to  the  edges,  till  a  pyramid  is  con- 
structed upon  each,  terminating  in  a  single  particle,  the  figure 
will  Ijecome  converted  into  a  dodecahedron,  with  twelve  equal 
rhombic  faces  (31).  If  the  decrement  were  to  take  place  ui>on 
the  angles,  instead  of  the  edges  of  tlie  original  cube,  the  figure 
would  be  converted  into  an  octohedron.  By  decrements  of 
mure  than  one  row  of  particles,  and  by  intermediate  and  mixed 
decrements  taking  place,  according  to  the  laws  of  symmetry,  it 
may  be  sliown  that  an  almost  infinite  variety  of  secondary  forms 
may  be  constructed,  all  of  which  would  be  related  by  geome- 
trical laws  to  the  primitive  form,  and  all  of  which  might  be 
assumed  by  the  substance  to  which  it  belongs.  No  objection 
arises  to  this  hypothesis,  &om  the  non-appearance  of  the  ori- 


(.11)     The  structure  of   tlie  rhombic  dodecahi'dron  from   cuWc 
particius  is  sliuwn  ia  this  figmv; — 
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If  a  mngle  ball  were  placed  at  rest  upon  such  a  stratum,  it 
Tould  be  in  contact  with  three  of  the  lower  balls;  and  the  lines 
joining  t^e  centres  of  four  balls,  so  in  contact,  or  the  planes 
touching  their  surfaces,  would  include  a  regular  tetrahedron, 
having  all  its  sides  equilateral  triangles.  The  construction  of 
the  acute  rhombohedron,  octohedran,  and  cube,  on  the  same 
piinciple,  ia  as  simple.as  that  of  the  octohedron;  and  any  or  all 
of  these  sotids  migbt  be  extracted  from  a  sufficient  number  of 
such  spheres,  regularly  piled  up  in  the  order  which  is  adopted 
for  shot  in  arsenals,  without  disturbing  their  original  arrange- 
ment (34). 

§  121.  Dr.  Wolloston  also  showed  that,  by  substituting 
for  these  molecules  forms  nearly  allied  to  the  sphere,  such  as 
oblate  and  oblong  spheroids,  many  forms  might  be  constructed 
which  would  not  result  from  perfect  spheres,  but  which  are  well 
known  to  crystallographers.  Thus  by  grouping  together  oblate 
spheroids,  the  proportion  of  whose  axes  are  as  1  to  2.8^,  in  the 
same  manner  as  the  spheres  in  the  formation  of  the  acute 
rhombohedron,  an  oblate  rhombohedron  would  result,  whuse 
angles  would  be  those  of  calcareous  spar.  All  solids  thus  com- 
posed would  obviously  be  split  by  mechanical  force,  in  direc- 
tions parallel  to  their  faces  (35). 

If  the  elementary  spheroids,  on  the  contrary,  were  oblong, 
instead  of  oblate,  their  centres  would  approach  nearest  to  each 


(34)     These  figures  represent  the  structure  of  the  tetrahedron, 
octohedron,  acute  rhombohedron,  and  cube,  with  spherical  particles. 


(35)     A  rhombohedron,  fonned  I        A  six-sided  prism,  formed  of 
of  oblate  spheroidical  particles.  I  oblong  epheroidicid  particles. 


m 
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other,  by  mutual  attraction,  when  their  axes  were  parallel,  aiid 
their  shortest  diameters  in  the  same  plane.  The  manifest 
consequence  of  such  a  structure  would  be,  that  a  solid  so  formed 
would  be  liable  to  split  into  plates  at  right  angles  to  its  axis, 
and  the  plates  would  divide  into  prisms  of  three,  or  six  sides, 
with  equal  angles;  a  structure  and  a  cleavage,  which  are  com- 
mon to  many  well-known  minerals,  as  the  berily  phosphate  of 
Ume^  &c. 

§  122.  Amongst  the  physical  phenomena  which  are  calcu- 
lated to  lead  to  a  knowledge  of  the  intimate  structure  of  crys- 
tallized bodies,  we  must  not  forget  to  mention  the  discovery  of 
Mitscherlich,  of  the  unequal  expansion  and  contraction  of 
certain  classes  of  crystals  by  changes  of  temperature.  Crystals 
belonging  to  the  regular  system,  which  we  have  imagined  to  be 
composed  of  perfectly  spherical  particles,  expand  equally  in 
everj'^  direction  by  heating.  Other  crystals  expand  more  in  one 
direction  than  another,  and  show  a  tendency  to  approach  to  the 
nearest  form  of  the  regular  system.  Thus  the  angles  in  calca- 
reous spar  vary  8i'  between  the  temperatures  of  melting  ice  and 
boiling  water,  the  obtuse  angles  diminishing,  and  the  form 
approximating  to  the  cube.  The  experiment  by  which  Professor 
Mitscherlich  established  this  important  point  is  one  of  consider- 
able delicacy;  but  common  observation  will  be  sufficient  to 
prove  it  in  several  obvious  instances.  Melted  litharge,  allowed 
slowly  to  solidify  and  cool,  when  it  reaches  a  particular  point 
flies  into  minute  fragments,  from  the  irregularity  of  its  contrac- 
tion; and  the  double  sulphate  0/ potash  and  coffer  exhibits  the 
same  phenomenon  in  a  very  marked  manner.  If  a  little  of  this 
salt  be  melted  in  a  spoon  over  a  spirit-lamp,  and  the  heat 
withdrawn,  it  congeals  into  a  solid,  of  a  brilliant  green  colour, 
and  remains  solid  and  coherent  till  the  temperature  sinks  to 
nearly  that  of  boiling-water,  when  all  at  once  its  cohesion  is 
destroyed,  and  the  whole  is  resolved  into  a  heap  of  incoherent 
powder. 

§  123.  As  far  as  it  has  been  examined,  the  hypothesis  of 
the  spherical  and  spheroidal  molecules  of  crystals  luui  not  been 
found  inconsistent  with  any  of  the  established  laws  of  the  action 
of  force;  either  as  regards  the  attraction  which  is  conceived 
to  group  the  particles  together^  or  the  antagonist  farces  by  which 
they  may  be  modified,  cloven,  or  dissected;  but,  far  the  present, 
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crystallographers  and  mineralogists  seem  to  have  agreed  to  drop 
all  speculations  with  regard  to  the  internal  structure  and  ultimate 
forms  of  the  molecnle^  of  crystals,  and  confine  themselves  to 
the  experimental  determination,  and  the  geometrical  relations  of 
their  exterior  forms. 

In  tills  point  of  view  crystallography  is  founded  upon  our 
idea  of  symmetry,  or  a  certain  definite  relation  of  the  parts  of 
a  solid,  which  being  no  less  rigorous  and  precise  than  other 
relations  of  number  and  position,  is  capable  of  becoming  the 
sore  basis  of  science*.  Symmetry  is  the  rule  in  all  the  king- 
doms of  nature,  and  a  little  reflection  upon  the  observations  of 
common  experience  will  be  sufficient  to  give  such  precision  to 
the  idea  as  is  necessary  for  its  scientific  application. 

The  bodies  of  animals  consist  of  two  equal  and  similar  sets 
of  members  on  their  right  and  left  sides.  Some  flowers  consist  of 
three  or  five  equal  sets  of  organs,  similarly  and  regularly  disposed. 
Thus  the  Iris  has  three  straight  petals  and  three  reflex  ones 
alternately  disposed.  The  rose  has  five  petals  of  the  corolla; 
uid,  alternate  with  these,  as  many  sepals  of  the  calyx. 

This  orderly  and  exactly  similar  distribution  of  two,  three, 
and  four,  or  any  number  of  parts,  is  symmetry:  and  any  depar- 
ture from  such  order  we  look  upon  as  a  deformity.  The  idea  is 
that  of  regularity ;  of  completeness;  of  complex  simplicity  t- 

Now  all  the  symmetrical  members  of  a  natural  product  are, 
imder  like  circumstances,  alike  afiected,  and  crystallography 
rests  upon  this  principle:  that  if  one  of  the  primary  planes  or 
axes  of  a  crystal  be  modified  in  any  manner,  all  the  symmetrical 
planes  and  axes  must  be  modified  in  the  same  manner. 

§  124.  The  axes  of  symmetry  of  a  crystal  are  those  lines 
in  reference  to  which  every  face  is  accompanied  by  other  faces, 
having  the  same  positions  and  properties.  Thus,  a  rhombo- 
hedron  of  calcareous  spar  may  be  placed  with  one  of  its  obtuse 
comers  uppermost,  so  that  all  the  three  faces  which  meet  there 
are  equally  inclined  to  the  vertical  line.  In  this  position  every 
derivative  face  which  is  obtained  by  any  modification  of  the 
feces  or  edges  of  the  rhombohedron,  implies  either  three  or  six 
such  derivative  faces;  for  no  one  of  the  three  upper  faces  of  the 
rhombohedron  has  any  character  or  property  diflferent  from  the 
other  two;  and  therefore  there  is  no  reason  for  the  existence  of 

•  Whswell's  Philosophy  of  the  Inductive  Sciencet,  t  I^»^ 
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a  derivative  from  one  of  the  primitive  faces,  which  docs  not 
equally  hold  for  the  others.  Hence  the  derivative  forms  will, 
in  all  ciises,  contain  none  but  faces  connected  by  this  kind  of 
correspondence;  the  axis  thus  made  vertical  will  be  an  axis  of 
symmetry,  and  the  crystal  will  consist  of  three  di\asions  ranged 
round  this  axis,  and  exactly  resembling  each  other. 

§  125.  But  this  is  only  one  of  the  kinds  of  symmetry 
which  crystalline  forms  may  assume.  Instead  of  being  vniaxal, 
they  may  have  three  axes  of  complete  and  equal  symmetry  at 
right  angles  to  each  other,  as  the  cube,  and  the  regular  octo- 
hedron; — or  two  axes  of  equal  symmetry,  perpendicular  to  each 
other  and  to  a  third  axis,  which  is  not  affected  with  the  same 
symmetry  with  which  they  are;  such  a  figure  is  a  square 
pyramid;— or  they  may  have  three  rectangular  axes,  all  of 
unequal  symmetry,  the  modifications* referring  to  each  axis 
separately  from  the  other  two;  such  as  a  right-rectangular  prism. 
The  law  of  crystalline  symmetry  is  such,  that  if  a  face  of  a 
cr\-stid  be  observed  to   bear  a  certain  relation  to  one  of  the 

w 

axes,  other  faces  nmst  fulfil  the  same  condition  with  regard 
to  the  equal  axes;  hence,  it  follows  that  the  forms  which  are 
allied  to  the  cube  or  octohedron,  all  of  whose  axes  are  equal, 
are  few,  simple,  and  of  perfect  symmetry. 

The  introduction  of  this  systematic  arrangement  of  crystalline 
forms  according  to  their  degree  of  symmetry,  is  due  to  the 
concurrent  labours  of  Weiss  and  Mohs.  It  is  founded  upon 
mathematical  relations;  but  it  has  been  remarkably  confirmed 
by  some  striking  physical  properties  of  minerals,  particularly 
with  regard  to  their  action  upon  light.  A  table  is  subjoined  of 
the  six  systems  of  Weiss  with  their  allied  forms  and  examples; 
their  relations  to  heat  and  light  are  also  added,  to  the  latter  of 
which  we  shall  have  occasion  to  refer  hereafter.  The  figures 
exhibit  the  relations  of  three  of  the  allied  forms  of  each  system 
to  the  axes  of  symmetry,  a,  b;  except  tlie  first,  which  only 
includes  the  cube  and  octohedron. 
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98  DIMORPHISM. 

§  126.  There  is  one  curious  phenomenon  in  the  crystal- 
lization of  certain  substances^  which  has  not  been  explained  by 
any  of  the  hypotheses  which  have  yet  been  framed,  and  which 
awaits  some  higher  stage  of  inductive  generalization  than  that 
at  which  we  are  at  present  arrived;  and  that  is,  they  are  capable 
of  assuming  two  forms,  which  belong  to  diflferent  systems  of 
crystallization,  and  cannot  be  derived  the  one  from  the  other: 
these  have  been  called  dimorphmis  bodies,  and  they  occur  both 
among  simple  and  compound  substances.  Suij?hur  deposited 
from  solution  in  bi-^i/phuret  of  carbon  crystallizes  in  octohedroru, 
ii*"ith  rhombic  bases,  and  also  occurs  in  this  form  in  native 
specimens;  but  when  it  is  melted,  and  allowed  to  cool  slowly, 
till  part  of  the  mass  is  consolidated,  and  when  the  remaining 
liquid  is  poured  off,  crj'stals  are  obtained  in  the  form  of  an 
oblique  rhombic  prism,  Tliese  two  forms  have  incompatible 
geometrical  relations  to  each  other.  Temperature  seems  to  be 
the  controlling  agent  of  these  changes;  if  the  crystal  be  formed 
below  232°  Fah.  it  assumes  the  first  form;  if  above  that  point, 
the  second.  This  is  proved  by  the  influence  of  temperature  on 
a  crystal  of  either  system;  a  crystal  of  fusion,  when  first  formed, 
is  perfectly  transparent;  but  kept  at  common  temperatures  it 
becomes  opaque.  The  same  change  occurs  when  a  native 
crystal  is  put  into  a  solution  of  salt  at  232°.  Tlie  opacity  is  in 
both  cases  produced  by  a  breaking  up  of  the  old  cr}'stal  and  a 
re-arrangement  of  the  particles  in  a  structure  corresponding  to 
the  crj'stallization  peculiar  to  the  temperature.  Pure  carbon 
occurs  also  in  nature  in  two  states;  as  diamond^  whicli  crystallizes 
in  regular  octohedrons;  and  as  graphite,  in  six-sided  plates, 
which  are  also  incompatible  forms.  Amongst  compound  bodies 
calcareous  spar,  as  we  have  seen,  crystallizes  with  the  rhom- 
bohedral  structure,  and  also  as  arragonite,  in  forms  which  have 
reference  to  a  rectangtdar  octohedron;  and  iron  pyrites  is  also 
met  with  in  the  common  form  of  the  cube,  and  with  an  incom- 
patible prismatic  structure. 

§  127-  There  are  some  solids  again,  which  are  capable  of 
slowly  changing  their  internal  structure,  or  of  even  rapidly 
passing  from  one  state  to  another^  when  the  unstable  equilibrium 
of  their  particles  is  disturbed  by  slight  mechanical  force- 
Sugar  which  has  been  rapidly  boiled  down  to  a  solid  con- 
sistence^  in  the  weU-known  form  of  barlef-sugar,  is  perfisctly 
transparent,  is  difficoldy  broken,  and  presents  a  glassy  fracture : 
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1^  form  in  these  secondary  structures,  for  by  multiplying  the 
Qtunber  of  particles,  and  diminishing  their  size  continually,  we 
toon  urire  at  a  limit  where  the  primitive  solid  becomes  insigni- 
iant,  and,  in  feet,  is  actually  lost  in  the  coroparison. 

f  130.  But  we  have  already  seen  that  the  mechanical 
inection  of  some  substances  affords  more  than  one  ultimate 
lona,  BB  in  the  case  of  Buor-spar.  Both  the  octohedron  and  the 
tetnhedron  result  from  the  cleavage  of  this  remarkable  sub- 
■tance;  which,  then,  is  to  be  taken  as  its  primitive  form, — the 
fom  of  its  integrant  particles?  Neither  of  them,  by  their 
iggre^tion,  can  fill  space  like  paraUelopipedons.  They  may  be 
both  tytmnetrically  arranged,  so  as  to  afford  to  the  eye  the 
external  forms  of  the  secondary  crystals,  which  may  be  geo- 
ntetrically  calculated  from  their  various  decrements;  but  the 
Ictnhedial  arrangements  would  be  regularly  interspersed  with 
octohedral  vacuities;  and  the  octohedral  with  tetrahedral  cavi- 
ties. Such  structures,  moreover,  would  be  unstable,  and  con- 
tnry  to  all  the  established  laws  of  attraction  in  matter  (32). 


[32]     The  folloniiig  figures  present  the  construction  of  the  tetra- 
Iicdnin  and  octohedron,  encb  with  tetrahedral  and  octohedrul  particles. 


Oetohednl  OelohcAron. 


Tetralii'dral  Ui^toli.-drop 
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From  some  late  experiments  of  M.  Becquerel,  it  appears 
that  when  a  rough  body  is  rubbed  against  another  with  a 
smooth  surface,  the  former  becomes  hotter  than  the  latter. 
When  polished  glass  is  rubbed  against  cork  the  first  becomes 
the  hotter  in  the  proportion  of  34  to  5 :  ground  glass  becomes 
hotter  than  cork  in  the  proportion  of  40  to  7-  Silver  and  cork 
— the  first  becomes  hotter  than  the  second,  in  the  proportion  of 
50  to  12,  No  change  in  the  state  of  qualities  of  bodies,  thus 
acting  upon  each  other,  necessarily  accompanies  tlie  evolution 
of  heat;  neither  is  it  necessary  that  they  should  be  of  different 
natures,  or  possessed  of  any  opposition  of  qualities.  Many 
familiar  instances  of  high  degrees  of  heat,  derived  from  this 
source,  will  readily  occur  to  a  reflecting  mind. 

Two  pieces  of  wood,  rubbed  together,  speedily  become  hot; 
and  when  the  force  and  the  velocity  are  great  so  much  heat 
may  be  evolved  as  to  occasion  combustion.  The  axles  of  the 
wheels  of  machinery,  or  of  carriages,  not  unfrequently  take  fire 
from  this  cause;  and  it  is  well  known  that  certain  tribes  of 
Indians,  with  a  dexterity  and  address  which  we  do  not  possess, 
have  so  far  applied  observation  to  practical  purposes,  that  they 
are  in  the  habit  of  kindling  their  fires  by  this  means. 

The  sparks  of  the  common  flint  and  steel  consist  of  small 
particles  of  the  metal  struck  off  by  the  stone,  and  burning 
under  the  influence  of  the  heat  elicited  by  the  blow;  and  every 
one  has  had  an  opportunity  of  observing  the  more  copious 
display  of  fire  from  the  same  source  at  the  knife-grinder's 
wheel. 

In  North  America,  where  the  mechanical  force  of  falling 
water  is  abundant,  the  surplus  power  of  certain  mills  has  been 
most  ingeniously  turned  to  good  account,  by  causing  lai^ 
plates'  of  iron  to  rub  .against  each  other,  and  applying  the  heat 
thus  evolved  to  the  warming  of  the  building.  The  most  re- 
markable circumstance  attending  this  source  of  heat  is^  that  it 
is  absolutely  unlimited:  so  long  as  solid  bodies  can  be  made 
thus  to  act  mechanically  upon  each  other,  heat  is  given  out. 

Count  Rumford  endeavoured  to  ascertain  how  much  heat 
was  actually  generated  by  friction.  When  a  blunt  steel  borer, 
three  inches  and  a  half  in  diameter,  was  driven  against  die 
bottom  of  a  brass  cannon,  seven  inches  and  a  half  in  diameter, 
with  a  pressure  which  was  equal  to  the  weight  of  lO/XMAbiiy 
and  made  to  revolve  thirty-two  times  in  a  minute;,  in  forty-one 
minutes  857  grains  of  dust  were  produced;  and  the  heat  gen^ 
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rated  was  sufficient  to  radse  llSlbs.  of  the  metal  70°  of  Fah., — 
a  quantity  of  heat  which  is  capable  of  melting  six  pounds  and  a 
half  of  ice,  or  of  raising  five  pounds  of  water  from  the  freezing 
to  the  boiling-point.  When  the  experiment  was  repeated 
under  ^^-ater,  two  gallons  and  a  half  water^  at  60°,  were  made  to 
boil  in  bd'o  hours  and  a  half. 

§  130.  The  third  source  is  chemical,  or  the  action  of 
particles  of  dissimilar  or  heterogeous  substances  upon  each 
other,  accompanied  by  complete  change  of  properties.  All 
cases  of  common  combustion,  all  our  artificial  processes  for 
oljtaining  light  and  heat,  are  familiar  examples  of  this  action. 
The  changes  which' take  place  in  the  active  bodies  during  this 
evolution  of  heat^  it  will  be  a  principal  part  of  our  business  to 
inqufa^  into  it  hereafter:  we  have  only  at  present  to  remark,  that 
the  heat  evolved  in  each  case,  however  copious  and  intense, 
is  limited  and  proportionate  to  the  quantities  of  the  reacting 
substances. 

§  131.  The  fourth  source  of  heat,  but  probably  nearly 
allied  to  the  last,  is  electrical.  That  force  which  we  have 
recognised  as  arising  from  the  friction  of  glass  or  resins,  1)y 
operating  upon  larger  surfaces,  may  be  accumulated  in  the 
form  of  a  spark,  which  will  ignite  combustible  substances. 
This  action  we  must  also  refer  to  future  investigation. 

{ 132.  A  fifth  source  is  physiological,  and  exists  in 
ouraelYea.  Heat  is  a  product  of  animal  life:  we  are  conscious 
of  this  in  oursdvea — ^we  can  feel  it,  and  we  can  judge  of  it  by 
our  sensations,  when  communicated  from  other  persons  and 
other  animals;  we  can  increase  it  in  ourselves  by  muscular 
exertion;  our  hands  and  our  faces  bum,  and  in  this  state  we 
can  ocmununicate  the  sensation  of  heat  to  others. 

Heat  and  oold,  in  fiact,  when  referred  to  our  sensations,  are 
but  omnparative  terms,  and  depend  upon  the  temperature  of 
oar  bodies  at  the  time  of  experience.  If  we  raise  the  tem- 
of  one  hand  by  plunging  it  in  hot  water,  and  at  the 
Aiui  cool  the  other  in  cold  water,  upon  removing  both 
into  a  heain  of  teind  water,  the  same  water  will  feel  warm 
to  one  littid  and  oold  to  the  other.  Any  estimation,  there- 
kM^df  -ftai^WiKtare  by  sensation  must  necessarily  be  extremely 
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§  13;3.  N0W5  in  none  of  these  various  actions  of  mate- 
rial bodies,  \i'hich  we  have  thus  recognised  as  sources  of  heat,  is 
there  any  loss  of  material  substance.  Notwithstanding  the 
copious  evolution  of  this  wonderful  agent,  the  quantity  of  the 
active  matter — its  weight — remains  the  same,  whether  com- 
bination ensue  or  not. 

This  something,  then,  which  is  generated  in  ourselves,  or 
which  may  be  communicated  to  us  from  any  of  the  sources 
which  have  just  l)een  named, — ^rvhich  we  recognise  by  our 
sensations,  and  denominate  licat,  may  be  communicated  also  to 
every  form  of  matter  without  increase  of  weight;  and  these  can 
again  impart  it  to  us  without  loss  of  ponderable  matter. 

Thus  a  piece  of  iron  placed  in  the  direct  rays  of  the  sun, 
will  soon  feel  warm  to  our  hands;  or  when  made  red  hot  in 
the  fire,  will  communicate  heat  to  us  even  at  a  distance;  but  its 
quantity  of  ponderable  matter  will  be  neither  increased  nor 
diminished. 

The  accession  of  heat,  and  consequent  increase  of  repulsive 
force  amongst  the  liomogeneous  particles  of  matter,  not  only 
determines  the  clianges  of  state  from  solid  to  liquid,  and  fipom 
liquid  to  aeriform,  which  we  have  already  noticed  {§  63),  but 
produces  expansion  of  bulk  in  bodies  in  all  these  states;  and 
we  must  now  inquire  into  the  laws  of  tliis  expansion,  and  the 
steps  of  the  progress  of  a  body  from  one  physical  state  to 
another. 

§  134.  The  increase  of  bulk,  for  the  same  increase  of 
heat,  differs  very  much  in  the  different  classes  of  substances. 
In  solids  it  is  small;  in  liquids  greater;  and  in  aeriform  bodies 
the  greatest  of  all.  It  also  differs  in  bodies  of  the  same  class. 
By  accurate  measurement  it  has  ])een  ascertained  that  in  raising 
the  temperature  of  the  folloi^ing  solids  from  the  freezing  to  the 
boiling-point  of  water. 

Lead  expands  in  volume  .  .  -3-i~o^ 

Iron         „               ,,  .  .  ^fo*^ 

Glass       „               „  .  .  -p^th 

that  is  to  say,  350  cubic  inches  of  Lead  become .  351 

800           „              Iron  „  .  801 

1000          ,,              Glass     „  .  1001 
by  this  accession  of  heat. 

The  subjoined  table  includes  the  most  interesting  result*  of 
the  best  experiments  upon  the  subject 


lanear  Diiatation  from  the  Freexinff  to   the 
BoiUnff-pbinl  of  Water. 


lOOOOOOofOloMtnbe 
„  Crown  Olus 

„  Platinum 

„  Cut  Iron 

„  8t«e] 

Odd 
„  Copper 

I^Tei 
Tin 
„  Lend 


become  1000861 
1000875 
1000856 

looini 

1001189 
1001460 
»  1001712 
1001783 
1001890 
100)937 
1002867 


The  expansion  in  Tolnme  may  be  obttuned,  without  sensible 
error,  by  ta^bling  the  number  which  expresses  its  increase  in 
lengUi,  where,  as  in  the  above  instances,  the  fraction  of  its  length 
is  small. 

By  the  same  change  of  temperature  the  following  Uquids 
angnoent  their  volumes  in  the  annexed  proportions: — 
1000  parts  of  water  .  .     become  1046 
ofoU        .          .  .  „       1080 


1000 
1000 
1000 


ofqnicksilrer 
of  spirits  of  wii 


1018 
1110 


Bat  every  aeriform  substance,  provided  it  be  not  in  contact 
witii  a  liquid,  expands  in  the  same  proportion;  1000  parts  of 
"    [  1373,  by  being  heated  from  the  freezing  to  ti»e 
int  of  water. 
B  ezpwuions  take  place  gradually,  and  when  the  heat  is 
\  tlie  bodies  return  to  their  original  bulks,  by  corre- 
%  ragnlar  contractions.  - 


{.185.   XoT  the   perfection  of  science   depends  upon 
Mto  meamremeDt  and  instrumental  precision:  there  can  be 


B  of  a  aingle  step  without  these  essential  means.     The 

unassisted  sensea  are  by  no  means  sufficient  to  determine 
quantities  with  anything  approaching  to  tlie  necessary  degree 
of  cxaelness.  The  hand,  or  the  application  of  muscular  force, 
may  indeed  inform  us  that  one  body  differs  very  greatly  from 
another  in  grarity,  but  witliout  the  Imlance  to  determine 
orrigbtx  which  would  be  wholly  inappreciable  in  this  way,  the 
sdcuce  of  chemistry  could  not  have  existed.  So,  our  sensations 
rfonn  us  that  mie  body  is  hotter  or  colder  than  another; 
out  some  means  of  measuring  differences  of  temperature. 
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which  would  wholly  fail  to  affect  our  senses^  our  knowledge  of 
heat  would  have  been  small  indeed. 

It  is  by  observing  that  expansion  or  enlargement  of  volume 
is  always  produced  by  the  same  causes  which  affect  us  with  the 
sensatton  of  heat^  that  we  come  to  regard  expansion  as  the 
indication  of  heat;  and  as  this  is  an  effect  which  can  be  ascer- 
tained with  the  utmost  precision,  we  adopt  its  measure  as  that 
of  the  cause  which  produces  it. 

If  a  certain  quantity  of  air,  or  of  a  liquid,  or  solid,  undergo 
an  augmentation  of  volume  when  exposed  to  a  certain  source 
of  heat,  which  we  can  determine,  and  when  we  expose  it  to 
another  source  of  heat  that  expansion  is  doubled,  there  is  reason 
to  infer  that  the  intensity  of  the  second  source  is  double  that  of 
the  first:  and  this  is  the  principle  of  that  useful  instrument 
the  thermometer. 


§  136.  The  honour  of  the  first  invention  is  generally 
ascribed  to  Sanctorio,  an  Italian  physician,  about  the  year  1590; 
but  the  same  contrivance  probably  suggested  itself  in  an  inde- 
pendent manner  to  Cornelius  Drebel,  about  the  year  1610.  One 
thing,  however,  is  certain,  viz.,  that  it  dates  from  about  the 
beginning  of  the  seventeenth  century. 

The  thermometer  of  Sanctorio  consisted  of  a  hollow  glass 
globe,  attached  to  a  long  stem,  open  at  the  opposite  extremity; 
a  portion  of  air  was  expelled  from  it  by  the  expansive  force  of 
heat,  and  the  end  of  the  tube  was  then  immersed  in  a  coloured 
liquid  (36).    As  the  included  air  cooled,  and  returned  to  its 


(36)  Air  thermometer  of  Sanc^ 
torio.  D  is  the  stem  of  the  instm- 
ment,  the  upper  end  of  which  termi- 
nates in  a  capacious  ball,  while  the 
lower  dips  below  the  surface  of  the 
liquid  in  the  vessel  c  When  a  por- 
tion of  air  has  been  expelled  from  the 
ball  by  heat,  and  it  is  afkerwuds 
cooled,  the  superior  elasticity  at  ibe 
outward  air  raises  a  cdhimn  of  Bqvii 
in  the  stem. 
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former  Yoliime,  the  liquid  rose  in  the  tube,  from  the  superior 
elasticity  of  the  external  air  pressing  upon  the  external  surface 
of  the  liquid.  A  scale  of  equal  parts  was  applied  to  tlie  stem, 
l)y  which  the  expansion  of  the  included  air  from  heat,  or  its 
contraction  from  cold,  could  be  measured,  by  the  movement  of 
the  column  of  liquid.  It  was  lialile,  however,  to  the  objec- 
tion of  being  acted  upon,  not  only  by  the  expansion  of  the 
included  air,  but  by  the  barometric  changes  of  the  exterior 
atmosphere. 

§  137.  Air  has  not  only  the  advantage  of  being  extremely 
regular  in  its  expansion,  but  also  of  indicating  very  minute 
changes  of  temperature,  by  the  great  alterations  of  volume 
which  it  undergoes  from  being  heated  and  cooled;  and  a  modi- 
fication of  the  air  thermometer  is  now  very  often  used  in  delicate 
researches.  It  was  invented  in  the  year  1676,  but  was  chiefly 
brought  into  notice  by  the  admirable  experiments  of  the  late 
Sir  John  Leslie.  It  consists  of  two  thin  equal  glass  balls, 
united  together  by  a  tube  bent  twice  at  right  angles,  the  balls 
being  situated  at  the  top  of  the  perpendicular  arms,  and  cut  off 
from  any  communication  with  the  atmosphere.  Both  balls 
contain  air,  but  the  greater  part  of  the  tube  is  filled  with  a 
coloured  liquid  (37)-  This  instrument  cannot  be  affected  by 
any  change  of  temperature,  acting  alike  upon  both  the  balls,  for 
the  pressure  on  the  opposite  surfaces  of  tlie  included  liquid  will 
in  such  cases  be  always  equal;  but  it  will  instantly  indicate  the 
slightest  difference  of  temperature  bet^-een  the  t^'o  balls;  for 
the  dastidty  of  the  air  on  one  side  being  greater  than  on  the 


(37)  Differential  thermo- 
meter of  Leslie.  The  liquid  in  the 
two  stems  is  shown  at  the  same 
level  as  when  both  halls  are  ex- 
posed to  the  same  temperature: 
any  difference  can  be  accurately 
measured  upon  the  attached  scale. 


106  GRADUATION  OF  THERMOMETERS. 

other,  the  liquid  will  be  forced  towards  the  side  where  the 
temperature  is  the  lowest,  and  the  diflference  may  be  measured 
upon  a  scale.  The  instrument  has  hence  been  named  the 
differential  thermometer, 

§  138.  The  first  great  improvement  in  the  thermometer 
for  ordinary  purposes  was  made  by  the  members  of  the  Italian 
Academy  del  Cimento,  in  1660,  who  substituted  the  expansions 
of  a  liquid  as  the  measure  of  heat;  inclosing  it  in  a  glass  ball 
and  tube,  which  was  afterwards  cut  off  from  all  communication 
with  the  variable  atmosphere,  by  softening  the  extremity  of  the 
glass  at  the  flame  of  a  lamp,  and  hermetically  sealing  it:  the 
instrument  thus  at  once  became  more  accurate,  and  more 
manageable.  Spirits  of  wine  was  the  liquid  first  employed, 
and  quicksilver  was  afterwards  used  by  Halley  and  Sir  Isaac 
Newton:  botli  liquids  are  now  at  times  employed  for  different 
puqioses. 

§  139.  Still  the  thermometer  wanted  much  of  perfection; 
for  different  instruments  thus  constructed  could  not  afford  com- 
parable results,  although  experiments  made  with  die  same 
instrument  were  comparable  with  one  another.  For  the  last 
great  improvement  we  are  indebted  to  Newton.  It  had  ]>een 
observed  by  another  eminent  philosopher.  Hook,  that  the  tem- 
perature of  melting  ice  was  always  fixed  and  permanent;  and 
that  the  temi>erature  of  boiling  water  was  equally  invariable, 
provided  the  pressure  of  the  atmosphere  did  not  change.  The 
sagacity  of  Newton  pointed  out  the  application  of  these  obser- 
vations to  the  completion  of  the  instrument.  If  we  immerse 
the  mercurial  thermometer  in  melting  snow  or  ice,  the  liquid 
will  gradually  contract,  and  sink  in  the  stem  to  a  certain  point, 
and  then  stop;  and  however  long  we  may  allow  it  to  remain  in 
the  ice  it  \*ill  sink  no  lower.  The  experiment  repeated  at  any 
time,  or  in  any  place,  will  afford  the  same  results;  the  liquid 
will  always  sink  to  the  same  part,  and  no  further.  By  marking 
this  we  obtain  one  fixed  point,  which  must  be  the  same  in  every 
thennometer  which  is  subjected  to  the  trial.  If  we  now  remove 
the  instrument  into  a  vessel  wliere  it  may  be  surrounded  with 
boiling  water  while  tlie  barometer  indicates  an  unvarying 
l}ressure  of  thirty  inches,  the  liquid  in  the  glass  will  expand  till 
the  mercurial  column  reaches  a  certain  height,  where  it  will 
again  become  perfectly  stationary,  and  afford  another  invariable 
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{K)int  of  comparison.  The  distance  l)etween  these  two  points 
measures  the  amount  of  expansion  of  the  whole  quantity  of  the 
included  liquid:  or  rather  is  the  measure  of  the  difference  of 
the  expansion  of  the  liquid  and  the  glass;  for  both  expand. 
U]>on  the  supposition  that  the  expansion  of  the  two  is  equable, 
and  that  the  bore  of  the  glass  tube,  in  which  the  liquid  moves, 
is  equal  throughout,  the  distance  between  the  two  points  may 
be  divided  into  any  number  of  equal  parts,  and  the  equal 
amounts  of  expansion  or  contraction  measured  by  them  may  be 
taken  to  indicate  equal  increments  or  decrements  of  tempera- 
ture, whicli  will  correspond  in  all  instruments  similarly  graduated. 
Upon  the  supposition,  moreover,  that  the  law  of  expansion 
continues  the  same  both  above  the  boiling  and  below  the  freez- 
ing-point of  water,  an  extension  of  the  same  scale  of  equal  parts 
will  afford  the  means  of  measuring  greater  and  less  degrees  of 
temperature,  with  reference  to  the  same  fixed  standard. 

§  140.  It  is  much  to  be  lamented  that  the  philosophers  of 
different  nations  have  not  agreed  upon  the  arbitrary  division  of 
this  invariable  quantity;  and  that^  consequently,  we  have  various 
thermometric  scales  which  perpetually  require  to  be  reduced 
from  one  to  the  other  in  the  different  necessary  comparisons. 
In  this  country  it  is  divided  into  ISO  parts  or  degrees;  but  the 
freezing-point  is  not  designated  by  Zero,  or  0°,  but  by  the 
number  32^,  making  the  boiling-point  of  water  212^,  instead  of 
180°.  This  scale  w^as  introduced  by  Fahrenheit,  a  German 
artist,  who  conceived  that  he  had  obtained  the  lowest  possible 
degree  of  coldj  by  the  mutual  action  of  common  salt  and  snow. 
If  a  thermometer  be  introduced  into  such  a  mixture  it  will 
oontiBCt  below  the  freezing-point  to  about  32Yi77th  parts  of  the 
ezpanaion  between  freezing  and  boiling  water,  and  thus  the 
oomiiiencement  of  this  scale,  or  0,  was  placed  at  this  point. 

In  France  the  thermometer  named  Reaumur's  was  for  a  long 
time  geneiBlly  employed:  the  inter\'al  between  freezing  and 
boifing  water  in  this  instrument  is  divided  into  eighty  degrees. 
The  graduation  Commences  at  the  freezing-point,  and  the 
boiling-point  is  the  eightieth  degree.  It  is  still  in  general  use 
inBnada. 

Hie  scale  now  generally  adopted  in  France,  was  originally 
pmpttml  by  Celnus,  and  used  in  Sweden.  It  commences  also 
it  llie  fireeiing'-point  of  water,  between  which  and  the  boiling- 
poittt  tlie  apeoe  it  divided  into   100  parts:  hence  it  is  now 
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commonly  distinguished  by  tiie  name  of  the  centigrade  the^ 

mometer  (38). 

Other  divisions  of  the  thermometric  scale  have  at  times  been 

introduced,  but  have  fallen  into  disuse. 

Fahrenheit's  division   is   founded   on   error,    and    is   very 

arbitrary  and  inartificial;  it  lias,  honever,  two  important  advan- 
tages:— 1st,  The  degrees  are  small,  and  hence 
it  is  less  requisite  than  witli  other  scales  to  use 
fractional  parts,  which,  in  obsen'ation,  are  apt 
to  be  neglected,  and  in  calculation  are  incon- 
venient. 2d,  Tlie  commencement  of  the  scale 
being  placed  at  a  low  temperature,  we  ha« 
seldom  to  express  negative  degrees;  while,  in 
the  centigrade  and  Reaumur's,  it  is  always 
necessary  cither  to  prefix  tlie  signs  of  minus 
or  plus,  ( -  or  + ,)  or  by  terms  to  denote 
whether  the  number  stated  is  above  or  below 
Zero. 

It  would  not  he  difficult  in  the  present 
advanced  state  of  science  to  invent  a  division 
of  the  thermometric  scale  which  might  at  once 
be  more  philosophical  and  more  conrenient 
than  any  of  tliose  now  in  use;  but  nothing 
but  the  general  consent  of  the  leading  scientific 
men  in  the  principal  countries  where  science 
iscultivated,wov.ld  justify  the  attempt;  which, 
without  such  an  agreement,  would  only  add  to 


(38]  These  three  divisions  of  the  tbenoometer 
are  laid  down  and  compared  in  the  annexed  aaie, 
together  with  another,  by  Dc  Lisle,  now  in  dinue^ 
inwhith  the  space  between  the  freezing  and  bwl- 
ing-poinls  is  dirided  into  150°,  the  Zero  b«iif[ 
placed  at  the  latter. 

Knowing  the  ratio  of  these  scales  to  each 
other,  nothing,  of  course,  can  be  easier  Ifaoa  to 
change  the  expression  of  their  degrees  from  one  to 
the  other.  Let  it  be  required  to  know  what  71^ 
cent,  is  npon  Fahrenheit's  scale: 

100  :  160  ::  70  :  126  and  126+39°  (or  tlw 
somber  of  degrees  from  Fahrenheit's  0)= 168. 

Or  what  is  74°  Reaumur  npon  the  centignJe 
scale: 

80  :  100  :  :  74  :  9.5. 


THERMOMETERa  100 

the  perplexity  and  distaste  which  every  one  at  times  must  feel 
from  this  multiplication  of  scales. 

§  141.  It  would  be  foreign  to  the  object  of  this  work  to 
enter  upon  all  the  necessary  refinements  in  the  construction  of 
a  good  thermometer;  but  every  one  should  know  how  to  tes 
the  goodness  of  instruments  which  everywhere  abound.  The 
principal  point  to  be  attended  to  is  the  equality  of  the  bore  of 
the  tabe;  for  if  equal  lengtlis  have  not  equal  capacities^  of  course 
a  scale  of  equal  parts  will  not  divide  the  expansion  equally. 
This  may  be  ascertained  by  breaking  off  a  portion  of  the  thread 
of  mercury  in  the  tube^  which  may  generally  be  done  by  a 
dexterous  jerk,  and  moving  it  up  and  down  the  tube^  ascertain- 
ing whether  it  occupy  equal  spaces  in  every  part.  This  is  very 
seldom,  indeed^  the  case;  but  a  correction  may  easily  be 
applied  to  the  scale  by  marking  off  upon  it  spaces  of  equal 
capacity.  The  examination  of  the  fixed  points  is  not  difficult; 
but  when  the  range  of  the  scale  will  not  admit  of  this^  an 
accurate  comparison  should  be  instituted  with  a  standard 
instrument. 

§  142.  When  great  degrees  of  cold  are  to  be  measured, 
spirits  of  wine  is  the  liquid  selected  for  the  construction  of  the 
instrument,  as  it  has  never  yet  been  congealed  by  the  greatest 
degree  of  cold  to  which  it  has  been  possible  to  expose  it; 
whereas  mercury  has  been  known  to  become  solid  even  in  the 
natural  temperatures  of  the  arctic  regions.  Spirit^  however, 
passes  into  vapour  at  a  temperature  far  below  the  boiling-point 
of  water;  and  it  is  usual,  therefore,  to  graduate  thermometers 
niade  with  it,  by  comparison.  Mercury  is  well  adapted  to  most 
oonunon  purposes,  as  its  congealing-point  is  sufficiently  low, 
and  the  upper  part  of  its  scale^  may  be  extended  to  nearly  600, 
in  consequence  of  its  high  boiling-point. 

The  openness  of  the  scale  of  a  thermometer  depends  upon 
die  relative  capacities  of  the  bulb  and  stem;  the  greater  the 
former  compared  with  the  latter,  the  more  the  expanded  liquid 
will  be  extended,  and  the  larger  will  be  the  degrees,  and  the  more 
easy  the  observation  of  firactions  of  a  degree.  But  the  delicacy 
of  the  instrument^  or  the  quickness  with  which  it  adjusts  itself 
to  changes  of  temperature,  will  depend  upon  the  smallness  of 
the  quantity  of  the  liquid,  or  of  the  matter  upon  which  the 
change  is  to  be  effected. 
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§  143.  Dr.  Brook  Taylor  was  the  first  to  confirm  by 
experiment  the  hypothesis  that  equal  thermometric  d^jees,  or 
equal  amounts  of  expansion,  might  be  taken  to  represent  equal 
increments  of  temperature.  He  took  a  pound  of  water,  and 
heated  it  to  the  temperature,  as  indicated  by  a  delicate  thermo- 
meter, of  200°:  he  then  took  another  pound,  heated  to  100°, 
and  mixing  the  two  together  with  proper  precautions,  he  found 
that  the  thermometer  plunged  into  the  mixture  indicated  a 
temperature  of  150°,  or  the  exact  mean;  as  it  should  have  been 
according  to  the  hypothesis. 

§  144.  The  expansion  of  solids  is  equally  applicable  with 
that  of  aeriform  and  liquid  bodies  to  the  measurement  of  tem- 
perature; but  as  it  is  smaller  than  that  of  matter  in  its  other 
t\^'o  states,  and  can  only  conveniently  be  measured  linearly,  and 
not  in  volume,  it  is  by  nice  mechanical  adjustments  alone  that 
it  can  be  rendered  available  to  the  purpose.  If  a  compound  bar 
be  formed  by  accurately  adjusting  and  screwing  together  equal 
plates  of  two  metals,  whose  expansions  differ  considerably, — 
such  as  iron  and  brass, — and  one  of  its  ends  be  fixed  to  some 
support,  upon  the  application  of  heat  it  will  bend,  the  least 
expansible  metal  becoming  concave:  if,  on  the  contrary,  the 
temperature  be  lowered  below  that  at  which  the  adjustment  is 
made,  the  greater  contraction  of  the  brass  will  cause  the  iron  to 
become  convex.  Upon  this  principle  a  very  sensible  thermo- 
meter has  been  constructed  by  M.  Breguet.  It  consists  of  a 
very  thin  ribbon  of  platinum,  plated  with  silver,  and  coiled  into 
the  form  of  a  helix:  one  end  of  this  compound  plate  is  fixed 
to  an  upright  support,  and  to  the  other  a  delicate  index  is 
attached,  moving  over  a  graduated  circle.  As  the  temperature 
to  which  this  instrument  is  exposed  varies,  the  spiral  twists  or 
untwists,  and  carries  the  index  round  the  circle,  the  degrees  of 
which  measure  equal  amounts  of  tlie  contraction  or  expansion. 
The  value  of  the  degrees  may  be  fixed  by  comparison  with  a 
standard  thermometer  of  the  usual  construction. 

§  145.  The  use  of  the  mercurial  thermometer  is  limited 
to  temperatures  below  that  at  which  quicksilver  boila,  or  to 
about  600^;  and  a  method  of  measuring  the  high  tempentom 
of  ignition  at  which  many  of  the  processes  of  the  arts  are  curifld 
on,  having  been  long  a  desideratum  of  adenoe,  various  method* 
have  been  proposed  to  supply  the  deficiency.    The  mort  od»- 
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brated  pyrometer  is  tliat  of  Mr.  Wedgwood.  It  consists  of  a 
metallic  groove,  or  gauge,  the  sides  of  which  gradually  converge; 
pieces  of  very  pure  clay  are  made  into  small  cylinders,  having 
one  side  flattened;  and,  being  heated  to  redness,  they  are  made 
just  to  fit  the  larger  extremity  of  the  groove.  It  is  a  property  of 
clay,  permanently  to  contract  and  become  harder  by  exposure 
to  a  high  temperature:  not  that  this  contraction  is  an  exception 
to  the  general  law  of  expansion  by  heat,  but  is  owing  to  a 
change  in  the  chemical  constitution  of  the  earth,  which  loses  a 
portion  of  the  water  with  wliich  it  is  combined,  and  it  was  sup- 
posed that  the  amount  was  exactly  proportioned  to  the  intensity 
of  the  heat  to  w^hich  it  is  ex{M>sed.  The  amount  of  contraction 
in  the  clay  cylinders,  after  being  exposed  to  the  temperature 
which  it  w^s  desired  to  measure,  was  easily  determined  by 
allowing  them  to  slide  from  the  top  of  the  groove  downwards,  till 
they  arrived  at  a  iK)int  beyond  which  they  would  not  pass. 
Mr.  Wedgwood  divided  the  whole  length  of  this  gauge  into  240 
parts  or  degrees,  each  of  which  he  calculated  to  be  equal  to  130^ 
of  Fahrenheit's  scale;  and  the  Zero  of  his  scale,  indicating  a  red 
heat,  corresponded,  according  to  his  experiments,  to  1077°. 

The  difficulty  of  obtaining  clay  of  uniform  composition  is  of 
itself  an  almost  insupera1)le  objection  to  this  method  of  esti- 
mating high  temperatures;  and  it  has  been  since  ascertained 
that  the  observation  upon  which  it  is  founded  is  not  correct; 
for  day  will  contract  as  much  by  the  long  continuance  of  a 
oompantively  low  heat  as  by  a  short  continuance  of  a  high  one. 
Henoe  the  degrees  of  heat  which  Wedgwood's  pyrometer  has 
been  applied  to  measure,  have  been  enormously  exaggerated. 

§  146.  The  problem,  however,  may  be  easily  solved  by 
the  aocuiBte  measurement  of  the  linear  expansion  of  bars  of 
metal  in  a  pyrometer  which  was  invented  by  the  autlior,  and 
cdkd  by  him  the  Register  Pyrometer. 

It  oonnsto  of  two  parts,  which  may  be  distinguished  as  the 
register  and  the  scale.  The  register  is  a  soUd  bar  of  black-lead 
evtfaenwarey  highly  baked.  In  this  a  hole  is  drilled,  into  which 
aber  of  anj  metal,  six  inches  long,  may  be  dropped,  and  which 
wBk  flm  mt  upcm  its  solid  end.  A  cylindrical  piece  of  porce- 
Ub^  edkd  the  index,  is  then  placed  upon  the  top  of  the  bar, 
■id  ooBfined  in  ita  place  by  a  ring  or  strap  of  platinum  passing 
tap  €f  the  lefpster,  which  is  partly  cut  away  at  the 
by  a  wedge  of  porcelain.    When  such  an 
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arrangement  is  exposed  to  a  high  temperature,  is  is  obvious  that 
the  expansion  of  the  metallic  bar  will  force  the  index  forward  to 
the  amount  of  the  excess  of  its  expansion  over  that  of  the  black- 
lead,  and  that,  when  again  cooled,  it  will  be  left  at  the  point  of 
greatest  elongation.  What  is  now  required,  is  the  measurement 
of  the  distance  which  the  index  has  been  thrust  for\*-ard  from  its 
first  position;  and  this,  though  in  any  case  but  small,  may  be 
effected  with  great  precision  by  means  of  the  scale. 

Tliis  is  independent  of  the  register,  and  consists  of  two 
rules  of  brass,  accurately  joined  together  at  a  right  angle  by 
their  edges,  and  fitting  square  upon  two  sides  of  the  black-lead 
bar.  At  one  end  of  this  double  rule  a  small  plate  of  brass  pro- 
jects at  a  right  angle,  which  may  be  brought  down  upon  the 
shoulder  of  the  register,  formed  by  the  notch  cut  away  for  the 
reception  of  the  index.  A  moveable  arm  is  attached  upon  tliis 
frame,  turning  at  its  fixed  extremity  upon  a  centre,  and  at  its 
other,  carrying  an  arc  of  a  circle,  w^hose  radius  is  exactly  five 
inches,  accurately  divided  into  degrees  and  thirds  of  a  degree. 
Upon  this  arm,  at  the  centre  of  the  circle,  another  lighter  arm 
is  made  to  turn,  one  end  of  which  carries  a  nonius  with  it, 
which  moves  upon  the  face  of  the  arc,  and  subdi\4des  the  former 
graduation  into  minutes  of  a  degree;  the  other  end  crosses  the 
centre,  and  terminates  in  an  obtuse  steel  point,  turned  in^-ards 
at  a  right  angle. 

When  an  observation  is  to  be  made,  a  bar  of  platinum,  or 
malleable  iron,  is  placed  in  the  ca^nty  of  the  register,  the  index 
is  to  be  pressed  down  upon  it,  and  firmly  fixed  in  its  place  by 
the  platinum  strap  and  porcelain  wedge.  The  scale  is  then  to 
be  applied  by  carefully  adjusting  the  brass  rule  to  the  sides  of 
the  re^ster,  and  fixing  it  by  pressing  the  cross  piece  upon  the 
shoulder,  and  placing  the  moveable  arm,  so  that  the  steel  point 
of  the  radius  may  drop  into  a  small  cavity  made  for  its  recep- 
tion, and  coinciding  with  the  axis  of  the  metallic  bar.  The 
minute  of  the  degree  must  then  be  noted,  which  the  nonios 
indicates  upon  the  arc.  A  similar  observation  must  be  made 
after  the  register  has  been  exposed  to  the  increased  tempe- 
rature which  it  is  designed  to  measure,  and  again  cooled,  and  it 
will  be  found  that  the  nonius  has  been  moved  forward  a  certain 
number  of  degrees  or  minutes  (39).    The  scale  of  this  pyro- 

(39)  1.  Represents  the  register;  a  is  the  bar  of  Uack-lead; 
a  a*  the  cavity  for  the  reception  of  the  metal  bar;  c  c^  is  tlie  indest 
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meter  a  readily  connected  witJi  that  of  the  thermometer  l>y 
immersing  the  register  in  boiling  mercury,  whose  temperature  is 
aa  constant  as  that  of  boiling  water,  and  has  been  accurately 
determined  by  the  thermometer.  The  amount  of  expansion  for 
a  known  number  of  degrees  is  thus  determined,  and  the  value  of 
all  other  expansiona  may  he  considered  as  proportional, 

^  147.  The  melting  point  of  cast  iron  has  been   thus 

or  cjliadrical   piece  of  porcelain;   d  the   platinum   band,  with   its 

2.  I«  the  scale  by  which  the  expansion  it  measured;  ,f,f  is  the 
greater  rule  upoo  which  the  smaller,  g,  is  fixed  square.     The  project- 


^  am.  A,  is  abo  fitted  square  to  the  ledge,  under  the  platmum  hand, 
■i  ft  a  the  wm  which  carries  the  graduated  arc  of  the  circle  fixed  to 
Ae  nile,  rr,  and  morerfJe  upon  the  centre,  i.  c  is  the  lighter  bar, 
Eicd  to  the  first,  and  nonng  upoA  the  centre,  t.  h  is  the  Honms  at 
on*  of  its  extremides,  md  «  the  steel  point  at  the  other.  1^  rule  g 
luJmit,  of  aJJu-tment  »poa//,  so  that  the  arm  A  may  ^  adju-tod  » 
Ihe  cent«v  .",  in  order  tbst  at  ths  oommMKement  of  an  expenmwt  tbe 
'ftrnmi  may  r«t  wd  the  bogiwmig  <rf  the  scale. 
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ascertained  to  be  2/86%  and  the  highest  temperature  of  a  good 
wind  funiaee  about  3300°;  points  which  were  estimated  by 
Mr.  Wedg\vood  at  20577°  and  32277°  respectively. 

Mr.  Wedgwood,  indeed,  himself  makes  an  observation  which 
is  calculated  to  throw  suspicion  upon  tlie  accuracy  of  his  results, 
for  he  says,  "  We  see  at  once  how  small  a  portion  (of  the  range 
of  heat)  is  concerned  in  animal  and  vegetable  life,  and  in  the 
ordinary  oi)erations  of  nature.  From  freezing  to  vital  licat  is 
barely  rhr^^  part  of  the  scale:  a  quantity  so  inconsiderable 
relative  to  the  whole,  that  in  the  higher  stages  of  ignition  ten 
times  as  much  might  be  added  or  taken  away,  without  the  least 
difference  being  discoverable  in  any  of  the  appearances  from 
which  the  intensity  of  fire  has  hitherto  been  judged  of." 

Now  this  is  utterly  unlike  the  gradual  progression  by  which 
the  operations  of  nature  are  generally  carried  on:  and  the  fact 
is,  that  a  regular  transition  may  be  traced  from  one  remarkable 
point  of  temperature  to  another. 

Thus,  from  the  freezing  of  water,  32°,  to  vital  heat  in  man, 

is  af. 


60  X     3  =     180°    .     .     , 

.     .  Boiling  water. 

60  X     7  =    420     .    .     . 

.  Melting  tin. 

60  X  10  =    600     .     .     . 

.     .  Boiling  mercury. 

60  X  15  =    900     .     .     , 

.     .  Red  heat. 

60  X  31  =  1860     .     .    . 

,     .  Melting  silver. 

60  X  45  =  2700     .     .     . 

,     .  Melting  cast  iron. 

60  X  55  =  3300     .     .     . 

,     .  Ilighest  heat  of  wind  famace 

§  148.  Being  now  in  possession  of  accurate  measures  for 
the  intensity  of  heat,  we  are  prepared  to  proceed  with  our 
investigation  of  its  effects  upon  solids,  liquids,  and  aeriform 
bodies,  we  may  drop  the  vagbe  language  of  sensation^ — of  hot, 
and  cold,  and  warm,  and  such  like  expressions, — and  substitute 
the  precise  determinations  of  thermometric  degrees. 

It  has  been  lately  proved  by  the  careful  experiments  of 
MM.  Dulong  and  Petit,  that  beyond  212°,  or  the  boiling-point 
of  water,  the  expansion  of  solids,  for  equal  degrees  of  heat^ 
compared  with  that  of  air,  increases  as  the  heat  rises;  any 
differences  in  this  respect  between  32°  and  212°  being  so  small 
as  to  escape  observation.  The  principal  results  of  their  investi- 
gation are  shown  in  the  following  tables: — 
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Table  X.     Tncreasitig  Dilatation  of  Glass  by  HetU. 


Tempcntnre  by  mn  Air 
Thermometer. 

Mean  absolute          Temperature  by  a 
Dilatation  of  Glaae     Thermometer  mado 
for  each  Degree.               of  Olou. 

Fahrenheit. 

From  32°  to  212° 
32°  to  392° 
32^  to  572° 

I 

212 

415.8 

667.2 

AftAdO 

Asiio 

Table  XL     Increasing  Dilatation  of  Metals  by  Heat, 


Tempera- 
ture by 
Air  Ther- 
DMnneter. 


212° 
572° 


Mean  DfUta- 

tlonof  Iron, 

for  each  De- 

Sreo. 


f 


tOTgO 


ir 


ItiHi 


Tempera 
tuie  by  Iron* 
Rod  Ther- 
mometer. 


212° 


702°.5 


Blean  Dilata- 
tion of  (Top- 
per, for  each 
DegTveu 


hr 


SilSO 


"arrsATj" 


Tompera- 
ture  by  Cop-  tion  of  liatl 
p«r  Tiier-     nam  for  each 
mometer. 


212^ 


623°.8 


Mean  DiUta-      Tempera- 
turo  by  Pla- 
tinum Ther- 
mometer. 


DoKTw. 


TT 


212^ 


592°.9 


It  appears  that  at  temperatures  beyond  212°^  glass  expands 
in  a  greater  ratio  tlian  mereiuy;  and  as  the  mercurial  ther- 
mometer measures  tlie  difference  of  the  expansion  of  the  glass 
and  metal,  upon  the  supposition  that  diey  are  both  uniform^  its 
degrees  require  a  correction  in  the  upper  part  of  the  scale, 
when  compared  with  the  equal  dilatations  of  air.  Thus  the 
temperature  of  586^  on  the  mercurial  thermometer,  corresponds 
with  572^  on  the  air  thermometer:  while  from  the  third  column 
of  Table  X.  it  appears  that  the  expansion  of  glass  alone, 
anqipowd  to  be  equable,  would  indicate  667^  for  the  same  point. 
The  aeoondj  fourdi,  and  sixth  columns  of  Table  XL  show  the 
mean  expansion,  for  each  degree,  of  iron,  copper,  and  platinum, 
lAen  heiited  firani  32^  to  212^,  compared  with  that  from  32°  to 
VJtPi  the  thiidj  fifth,  and  seventh  columns  indicate  the  degrees 
oa  Ifaarmometric  ban  of  these  metals,  corresponding  to  the 

of  572^  on  an  air  thermometer. 


«• 


f  149.  Before  the  invention  of  the  register  pyrometer, 
of  adiida  had  never  been  ascertained  beyond 
9f  572^;  the  following  table  exhilnta  the  pnn 

i2 
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gressive  amount  of  several  metals  to  their  points  of  fusion  as 
determined  by  that  instrument: — 

Table  XII.     Progressive  Dilatation  0/ Solids. 

1000000  PARTS,  AT  62^. 


Black  Lead  Ware 
Wedgwood  Ware 

Platinum       .     . 

Iron  (Wrought) 

Iron  (Cast)  .  . 
Gold  .     .     . 

Copper  .  .  . 
Silver  .... 
Zinc  .... 
Lead  .... 
Tin       .... 


At  212°. 

1000244 
1000735 

1000735 

1000984 

1000893 
10(H025 
1001430 
1001626 
1002480 
1002323 
1001472 


At  662^ 

10007a3 
1002995 

1002995 

1004483 

1003943 
1004238 

100(5347 
l(Kl6886 

1008527 


At  Fusing  Point 


J 1009926  maximuiD,    1 

I  but  not  fused. 
(1018378  to  the  fusing 

I  points  of  cast  iron. 

1016389 

1024376 
1020640 
1012621 
1009072 
10a3798 


§  150.  The  amount  of  the  force  which  produces  these 
expansions  and  contractions  measured  hy  any  opp>osing  force, 
that  of  cohesion  for  instance,  is  enormous.  Some  idea  may  lie 
formed  of  it,  when  it  is  understood  that  it  is  equal  to  the 
mechanical  force  whicli  would  l)e  necessary  to  produce  similar 
effects  in  stretching;  or  compressing  the  solids  in  which  they 
take  place;  thus  a  bar  of  iron  heated  so  as  to  increase  its  length 
a  quarter  of  an  inch,  by  this  slow  and  quiet  process  exerts  a 
power  against  any  obstacle  by  which  it  may  be  attempted  to 
confine  it,  equal  to  that  which  would  be  required  to  reduce  its 
length  by  compression  to  an  equal  amount.  On  withdrawing 
the  heat,  it  would  exert  an  equal  power  in  returning  to  its 
former  dimensions. 

Such  a  force  as  this  is  capable  of  being  applied  to  a  variety 
of  useful  purposes  when  properly  directed^  and  of  produdng 
very  injurious  effects  in  constructions  of  art,  when  not  property 
provided  against. 

The  wheelwright  applies  this  power  by  making  the  iron 
band,  or  tire  as  it  is  called,  of  a  carriage-wheel  a  little  smaller 
than  the  wooden  circle,  or  fellies,  and  then  expanding  it  by 
heal,  he  fits  it  on  to  the  latter:  he  afterwards  suddenly  coob 
it  by  throwing  water  upon  it,  and  the  contiBGfaon  binds  the 
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vhole  tt^thcT  with  enormous  force.  Upon  the  same  principle 
the  cooper  heats  the  iron  hoops  of  his  casks,  and  firmly  draws 
the  staves  together  by  cooling  them  in  their  places.  Tlie 
plates  of  the  boilers  of  stcam-en^nes  and  of  iron  ships  are 
HTetted  together  with  hot  rivets,  which,  when  cool,  draw  them 
together  and  render  tlieir  junction  perfectly  compact. 

M.  Molard,  by  an  application  of  the  same  force,  ingeniously 
restored  the  equilibrium  of  a  building  in  Paris,  the  walls  of 
which  had  been  pressed  outwards  by  the  incumbent  weighL 
He  introduced  several  strong  iron  bars  through  holes  in  tlie 
opposite  walls,  and  screwed  strong  plates,  or  waahera  as  they 
are  called,  on  the  projecting  ends,  so  as  to  bear  tightly  upon 
the  walls.  The  bars  were  then  heated  by  lamps,  and  conse- 
quently lengthened;  in  this  state  the  washers  were  agun 
screwed  up,  and  when  the  bars  were  allowed  to  cool,  they 
contracted  and  drew  the  walls  together  to  a  small  amount:  a 
repetition  of  the  same  process  gradually  and  safely  effected  the 
purpose. 

The  same  process  has  been  since  applied  in  the  restoration 
of  the  Cathedral  at  Armagh. 

{151.  Experience  has  taught  engineers  that  it  is  dangerous 
to  attempt  to  confine  such  a  force  as  tjiis,  and  that  it  is  neces- 
nry  to  make  provision  for  these  expansions  and  contractions, 
particularly  in  the  metallic  constructions  which  are  now  so 
common.  In  iron  pipes  for  the  conveyance  of  gas  and  water, 
when  the  lengths  are  very  considerable,  some  of  the  junctions 
>n  lendered  moveable;  so  that  hy  the  end  of  one  pipe  sliding 
into  that  of  another,  t^e  accidental  changes  due  to  temperature 
an  provided  for. 

Hie  arehea  of  the  Soutliwark  iron  bridge  rise  and  fall  about 
an  iodi  in  the  usual  range  of  atmospheric  temperature,  and  if 
pnniaion  had  not  been  made  for  this,  destructive  consequences 


Tlie  ifseple  of  Bow  Church  has  within  these  few  years  been 
vtmAj  Aiown  down  by  the  alternate  expansion  and  contraction 
of  tone  radi  of  iron  which  were  biult  into  it  to  g^ve  it  stability, 
Tha  nidi  m  hot  weather  lengthened,  and  lifted  the  incumbent 
mass  of  masonry;  tiiey  ndauned  in  cold  weather  to  their  fonner 
■limensions,  leavingths  rtonea  npiused;  duat  and  amaU  particlea 
■if  matter  made  tlieir  way  into  the  ciacka  thus  produced;  the 
rods  ^ain  lengthened,  and  UAed  the  maaa  a  little  fairer;  (ill. 
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by  numberless  repetitions  of  this  slow  but  irresistible  operation, 
the  fabric  was  shaken  to  its  foundation. 

Even  in  the  shoeing  of  a  horse^  injurious  consequences  wi\ 
follow  from  neglect  or  ignorance  of  this  principle.  If  a  horse- 
shoe be  applied  in  a  heated  state^  the  lioof  will  certainly  be 
injured  by  its  subsequent  contraction. 

§  152.  A  singular  circumstance  accompanying  the  con- 
traction of  metal  during  great  degrees  of  cold,  was  observed  in 
some  of  the  expeditions  to  the  arctic  regions,  viz.,  that  the 
astronomical  instruments  did  not  always,  at  once,  take  the 
adjustment  due  to  the  temperature  to  which  they  were  exposed; 
1>ut  upon  concussion  they  contracted  suddenly  to  the  regular 
amount. 

§  153.  We  have  already  noticed  the  greater  expansion  of 
liquids  than  of  solids  for  equal  increments  of  temperature,  and 
the  various  amounts  in  different  species.  These  expansions  are 
generally  regular,  except  when  they  are  near  their  boiling  or 
their  freezing-points.  Near  the  higher  point,  their  expansibility 
increases  rapidly  for  equal  increments,  while  considerable  ano- 
malies have  been  observed  near  the  lower. 

It  has  been  stated  (§  19.)  that  the  law  of  expansion  by  heat, 
and  contraction  by  cold,  is  all  but  universal;  tliere  is  but  one 
real  exception  to  it  known,  and  this  occurs  in  water.  It  has 
been  established  by  the  most  careful  and  decisive  experiments, 
that  water  not  only  expands  as  we  have  noticed  {§  78.)  when  in 
the  act  of  passing  from  the  liquid  to  the  solid  state;  in  tlie 
moment,  that  is,  when  it^  particles  are  taking  up  a  new  and 
regular  arrangement  under  the  prevailing  force  of  cohesion;  but 
increases  its  volume  in  the  act  of  cooling,  some  time  before  it 
reaches  its  freezing-point.  ^Fhis  expansion  commences  when 
the  temperature  is  reduced  to  about  40°  of  Fahrenheit,  or  eight 
degrees  above  the  point  of  congelation,  and  it  increases  in  an 
increasing  ratio  until  the  liquid  solidifies. 

The  observation  is  easily  made  by  means  of  two  equal 
thermometers,  the  one  filled  with  water  and  the  other  with 
spirit.  When  placed  in  melting  ice,  the  latter  will  gradualk 
fall  to  the  freezing-point,  while  the  former  will  descend  to  about 
40°,  and  then  begin  to  rise. 

§  154.  From   the   alteration  of  volume  which  bodies 
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iniversally  undergo  from  changes  of  temperature,  the  necessity 
>f  attending  to  this  circumstance  in  taking  specific  graWties  will 
low  be  readily  understood.  These  consisting  of  the  weights  of 
xiual  bulks  of  different  kinds  of  matter  compared  with  water,  it 
s  necessary  that  the  temperature  of  the  standard,  and  of  tlie 
Mxlies  with  which  it  is  compared,  should  be  the  same.  'Hie 
«mperature  of  60°  has  generally  been  adopted  as  a  mean, 
rliich  is  most  easily  insured  in  all  situations  and  in  all  seasons; 
)ut,  unfortunately,  practice  is  not  quite  uniform  in  tfiis  respect, 
ind  by  Act  of  Parliament  the  temperature  at  which  the  specific 
p^vity  of  spirits  is  determined  by  the  Excise,  and  at  which  the 
standard  weights  and  measures  are  adjusted,  is  (i2''. 

From  the  great  dilatation  which  aeriform  matter  undergoes 
from  increase  of  temperature,  the  correction  of  the  measured 
rolumes  of  diflTerent  kinds  of  air  ia  of  the  highest  importance. 
It  results  from  the  experiments  of  Dr.  Dalton  and  M.  Gay 
Lussac,  tliat  aU  experience  equal  expansions  by  tlie  same 
lugmentation  of  temperature,  and  that  100  parts  of  air  at  32°, 
xing  heated  to  212°,  expand  to  137.5  parts:  the  increase  being 
^tfitli  =  0.375  of  the  original  bulk. 

Dividing  this  by  180,  we  find  tliat  a  volume  of  air  dilates 
f^tli  of  the  volume  whicli  it  occupied  at  32°,  for  every  degree 
3f  Fahrenheit's  scale*;  the  universality  of  tliis  law,  as  applied  to 
iveiy  apmes  of  elastic  matter,  not  in  contact  with  any  liquid, 
liai  been  proved  by  experiment  with  substances  of  the  must 
3ppoaite  qualities,  through  a  range  of  temperature  extending  from 
die  Ireefing-point  of  water  to  the  boiling-puint  of  quicksilver. 
rbe  ftpplication  of  this  observatinn  to  the  required  corrections 
irillbe  obvioTia  with  a  little  attention;  though  continual  mis- 
takes are  nude  with  regard  to  it.  Let  it  be  required  to  know 
irhat  Tolnme  100  cubic  inches  of  air  at  70°  would  occupy  at 
GO",  at  what  contraction  would  take  place  by  this  change  of 
10^;  we  mast  bear  in  mind  that  it  is  not  -i-i-„th  part  per  degree 
at  tiu  obnrved  volume  at  70°  which  is  to  be  deducted,  but 
(ffth  part  of  the  volame,  which  100  cubic  inches  at  70°  would 
DocupT'  at  32°.  Now  480  ports  of  air  at  32°,  become  481  parts 
rt  ti%  and  incacaM  one  part  for  every  additional  degree,  so  t^at 
rtCO^tlwyhaiTeiiusreuedto  508  partSjand  at  70°  to  518  parta; 

*  From  Horao  later  ex|i«riinents,  oonduetod  with  the  greatat  eve,  of  Pro- 
tarn  Rudbrrg.  orStocklmlm,  i(  wuiild  if^ew,  that  thi»  «xpaMUin  ia loiiiewliat 
bi,  and  doc«  ui>L  esced  VMJipnTin,  from  theftwing  to  the  Ixnliiv  of  mUar, 
Ir  ||,rd  «r  itiB  volutne  M  3-J°. 
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and  thus  we  have  a  proportion  between  the  volumes  at  6(f  and 
70°  by  which  we  can  determine  the  question,  for 

Vol.  at  70^         Vol.  at  60°         Cb.  In.         Cb.  In. 

480+38    :    480+28    :  :     100    :    9Q.0G9. 

Or,  on  the  other  hand,  if  we  wish  to  know  the  correct  volume 
at  60°  of  40  cubic  inches  of  air  observed  at  35°, 

Vol.  at  35°        Vol.  at  60°        Cb.  In.       Cb.  In. 
480+3    :     480+28    :  :    40    :    42.07. 

Again: — the  weight  of  100  cubic  inches  of  air  being  31  grains 
at  60°,  the  weight  of  an  equal  volume  at  212,  will  be  found  as 
follows — 

Vol.  at  212°        Vol  at  60°  Gra.  Gra. 

480  +  180     :     480+28     :  :    31     :     23.86. 

In  making  this  correction  for  temperature  in  addition  to 
that  for  pressure,  formerly  noticed  (§  470^  it  matters  not  which 
is  first  applied  to  the  observed  volume,  as  the  result  will  be  the 
same  in  either  case. 

§  155.  One  of  the  most  important  properties  of  heat — 
for  the  accurate  appreciation  of  which  we  are  indebted  to  the 
thermometer,  although  it  may  be  rudely  estimated  by  mere 
sensation, — is  its  tendency  to  an  equal  diffusion  or  equilibrium. 
Twenty  or  thirty  substances  of  different  natures,  all  unequally 
heated,  will  speedily  attain  to  an  equality  of  temperature  in  a 
still  atmosphere,  and  this  equality  is  established  by  different 
processes,  into  the  nature  and  laws  of  which  it  must  be  our 
business  to  inquire. 

CONDUCTION  OF  HEAT. 

§  156.  If  we  take  a  stick  of  charcoal,  and  hold  it  in  the 
flame  of  a  candle  or  lamp,  we  shall  find  no  disagreeable  sensation 
of  heat,  even  when  the  red-hot  extremity  is  at  a  very  small 
distance  from  our  fingers;  but  if  we  take  a  metallic  wire  and 
hold  it  in  the  same  situation,  it  will  speedily  bum  us  at  many 
times  the  distance  from  the  hot  extremity  long  before  any  part 
becomes  red.  The  process  by  which  the  heat  is  conveyed  along 
the  metal  is  called  Conduction.  It  thus  travels  through  a  body 
without  changing  the  relative  position  of  its  adjacent  putida. 
The  law  of  this  propagation  is  as  fbllows: — If  die  extremity  of 
a  metallic  bar  be  placed  in  coihmunication  with  a  constant 
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source  of  heat^  and  we  wait  till  it  has  taken  up  a  permanent 
Ntate  of  temperature,  we  shall  find  that  for  distances  from  the 
source  taken  in  arithmetical  progression,  the  excess  of  tem- 
perature above  the  surrounding  medium  will  form  a  geometrical 
progression.  The  ratio  of  this  progression  will  vary  with  the 
substance. 

The  property  varies  very  much  in  different  solids;  and  from 
the  above  experiment,  we  conclude  that  the  charcoal  is  a  bad 
conductor,  and  the  wire  a  good  conductor  of  heat.  It  may  be 
roughly  Htated,  that  the  most  dense  bodies  possess  the  property 
in  the  greatest  proportion:  thus  metab  are  the  best  conductors; 
next  stones;  next  hard  woods,  and  so  on. 

Tabi-b  XIII.     0/  Conduction. 

Gold 1000 

Marble 33.6 

Porcelain 12.2 

Fine  Clay 11.4 

Diamonds  and  other  gems  are  much  better  conductors  of 
heat  than  glass,  and  thus  may  be  distinguished  from  it  by  con- 
tact with  the  lips  which,  in  general,  are  very  sensible  to  changes 
of  temperature.  The  former  substances  will  feel  cool  when 
compared  with  the  latter. 

Metab  themselves  vary  very  much  in  their  conducting 
poireri  aa  that  if  equal  bars  of  silver  and  platinum  be  each  lield 
by  one  of  tlieir  extremitieB,  while  the  others  are  in  contact  with 
flame,  the  former  will  bum  us  while  the  latter  will  feel  scarcely 
warm.  The  following  table  exhibits  the  conducting  powers  of 
dificrant  metals  compared  with  gold : — 

Tabli  XIV.     0/  Conduction  of  Metab. 
GeU     .         .     JOOO  1         Iron       .         .    374.3 

saver    .         .      073  Zinc       .         .    3f{3 

Copper .        .      898.9  Tin        .        .    303.0 

Pladanm        .      381  I         Lead  .     ITO-O 

f  157>  We  have  already  noticed  the  vagueness  of  any 
itfir*lV™  of  temperatnrea  by  comparing  them  with  our  own  sen- 
mtmatf  tbe  JifEueut  conducting  powers  of  substances  will  dis- 
cover a  new  source  of  erroneous  judgment  from  this  test.  In  a 
mom  of  oniform  temperature  all  the  diflferent  inanimate  nib- 
lUticca  may  be  of  equal  temperature^  bat  if  we  touch  snb- 
ttancea  of  different  dejisities  and  natures,  very  difierent  sensa- 
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tions  will  be  produced  by  them:  a  piece  of  metal  will  feel  much 
colder  than  marble^  stone^  or  glass;  and  these^  <^gsdn^  colder 
than  a  wooden  table^  or  a  book.  The  reason  is  obvious;  each 
of  these  substances^  although  they  would  aflfect  a  thermometer 
equally^  has  a  different  conducting  power;  and  that  which  is  the 
best  conductor  will  carry  off  heat  from  our  bodies  \inth  the 
greatest  rapidity^  and  therefore  will  produce  in  us  the  greatest 
sensation  of  cold. 

§  158.  Many  useful  contrivances  for  the  convenient 
management  of  hot  bodies  are  dependent  upon  the  differences 
of  this  property;  as  when  a  wooden  handle  is  applied  to  protect 
the  hand  from  a  hot  tea-kettle^  or  the  handle  of  a  silver  teapot 
is  insulated  from  the  body  by  the  inteq^osition  of  small  plates 
of  ivory,  which  effectually  prevent  the  conduction  of  heat  to  any 
inconvenient  extent. 

By  breaking  the  cohesion  of  solids  their  conducting  power 
may  be  very  much  decreased,  and  on  this  account^  by  placing  a 
layer  of  sand  upon  tlie  hand,  and  carefully  screening  the  sur- 
rounding parts,  a  red-hot  iron  ball  may  be  supported  without 
inconvenience.  At  the  siege  of  Gibraltar  red-hot  balls  were 
carried  to  the  batteries  in  wheelbarrows,  covered  with  sand. 

§  159.  Liquids  conduct  heat  with  such  difficulty,  that  it 
has  been  doubted  by  some  philosophers  whether  they  be  not 
destitute  of  this  power.  From  the  facility,  however,  with  which 
they  acquire  heat,  under  particular  circumstances,  it  might  be 
hastily  concluded  that  they  possess  it  in  an  eminent  degree:  but 
this  facility  depends  upon  another  property  which  we  shall  pre- 
sently examine.  The  imperfection  of  tliis  property  in  liquids 
may  be  proved  by  a  very  simple  and  easy  experiment.  If  we 
nearly  fill  a  glass  tube,  four  or  five  inches  in  length,  wdth  water, 
and  heat  the  upper  part  in  a  spirit-lamp,  we  may  cause  the 
water  to  boil  upon  tiie  surface,  while  we  hold  the  tube  in  the 
hand  without  the  slightest  inconvenience,  the  water  not  being 
able  to  conduct  the  heat  downwards.  It  may  be  proved  with 
greater  precision  by  placing  an  air  thermometer  in  a  glass  jar, 
and  filling  the  latter  with  water,  so  as  to  cover  the  bulb  widi  a 
layer  of  the  liquid,  not  more  than  the  tenth  of  an  inch  in  depth. 
Oil  of  the  temperature  of  400°  may  now  be  carefully  pound 
upon  the  surfisu^;  or  a  capsule  of  inflamed  ether  may  be  floaled 
upon  it  without  afiecting  the  thermometer.    The  hea^  hoir* 
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vor,  will  ultimately  be  conducted  do\ni  the  solid  sides  of 
he  containing  vessel;  and  the  interference  of  this  operation 
enders  it  difficult  to  make  vcr}-  accurate  observations  upon  the 
ubject;  but  it  has,  nevertheless,  been  proved  by  very  delicate 
jid  ingenious  experiments,  that  liquids  do  conduct  heat,  and 
lifferenccs  in  the  power  have  even  been  detected  in  different 
iquids:  mercury,  for  instance,  being  a  better  conductor  than 
rater,  and  water  than  oil. 

§  160.  Tlie  difficulty  of  determining  the  power  of  con- 
iaction  in  aeriform  bodies,  is  still  greater  than  in  liquids.  It 
las  never  yet  been  proved  that  they  are  capable  of  conducting 
beat  at  all;  and  common  experience  even  may  convince  us  that 
Lhey  are  very  bad  conductors.  A  very  simple  experiment  may 
ifford  a  rough  estimate  of  the  comparative  powers  of  con- 
duction in  the  three  classes  of  solid,  liquid,  and  aeriform  bodies. 
Metals  heated  to  120^  will  severely  bum  a  hand  placed  upon 
tliem,  owing  to  the  facility  with  which  the  heat  will  travel 
towards  it;  water  will  not  scald,  provided  the  hand  be  kept 
Kithout  motion  in  it  till  it  reaches  the  temperature  of  150^, 
n-hile  the  contact  of  air  may  be  endured  at  300°.  A  thin  layer 
of  either  the  liquid  or  air  is  cooled  by  the  contact,  through 
irhich  the  heat  of  tlie  adjacent  particles  travels  with  great  diffi- 
culty; but  if  the  hand  be  briskly  moved  about,  and  brought 
into  contact  with  fresh  particles,  the  water  will  be  intolerable 
at  a  much  lower  temperature. 

There  is  an  experiment  upon  record,  in  the  Philosophical 
Transactions,  by  Sir  Joseph  Banks,  and  others,  who  ventured 
into  a  room  heated  to  260°,  and  remained  there  a  considerable 
time  without  serious  inconvenience:  and  in  several  processes  of 
die  arts  it  is  necessary  for  workmen  to  enter  stoves  heated  as 
high  even  as  300^,  from  which  no  injurious  effects  follow. 
Under  such  circumstances,  all  contact  with  metallic  substances 
most  be  careJfiilly  avoided,  or  severe  injury  would  be  sustained. 
The  same  property  of  non-conduction  also  preserves  the  body 
m  the  opposite  extreme  of  temperature;  and  the  late  voyages 
to  the  arctic  r^ons  prove  that  a  cold  of  -53°,  or  14°  below 
tliat  of  freering  mercury,  may  be  sustained  without  injury, 
pnmded  the  atmoaphere  be  still;  but  if  there  be  any  wind,  the 
iMUMiyc  contact  at  fresh  particles,  even  at  much  higher  tern- 
poaiiini,  will  abstract  heat  with  sufficient  rapidity  to  freeze  the 
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§  161.  The  bad  conducting  power  of  the  vapour  of 
liquids  is  strikingly  proved  by  heating  a  bright  capsule^  or  cru- 
cible of  platinum  or  silver,  to  nearly  a  white  heat,  and  then 
throwing  into  it  a  few  drops  of  water.  The  liquid  will  be  col- 
lected into  the  form  of  a  flattened  sphere,  under  the  force  of 
cohesion,  and  will  roU  about  upon  its  axis  to  diflierent  parts  of 
the  heated  surface  without  wetting  it,  being  kept  from  contact 
by  an  intervening  atmosphere  of  vapour.  Under  these  circum- 
stances it  will  slowly  evaporate,  but  will  never  reach  its  boiling- 
point.  If  the  temperature,  however,  of  the  metal  be  allowed  to 
fall,  the  liquid  will  come  into  contact  with  it,  and  will  be 
converted  into  vapour  with  almost  explosive  violence. 

The  same  phenomena  are  produced  with  water  and  heated 
iron;  and  another  curious  instance  of  the  anticipation  of  science 
by  common  experience  is  aflbrded  by  the  test  which  laun- 
dresses apply  to  ascertain  the  proper  temperature  of  their 
smoothing-irons.  When  a  drop  of  moisture,  extemporaneously 
applied,  rolls  off  the  iron  in  a  globule,  they  know  that  it  is  suffi- 
ciently hot;  but  when  it  adheres  and  boils,  it  is  returned  to 
the  stove. 

§  162.  Many  useful  applications  are  daily  made  of  these 
principles,  to  the  purposes  of  convenience,  and  of  the  arts. 
We  put  double  doors  inclosing  a  body  of  air,  to  our  fumaoety 
to  prevent  the  heat  from  being  conducted  outwards;  and  we 
double-case  our  ice-houses  to  prevent  it  from  being  conducted 
inwards.  We  act  upon  the  same  experience  in  the  selection  of 
proper  substances  for  clothing,  to  preserve  our  animal  warmth: 
the  articles  of  dress  are  warm  in  proportion  to  the  quantity  of 
air  which  they  contain  in  their  texture;  furs,  feathers^  irocif 
and  down,  retard  the  passage  of  heat  in  this  way;  and,  for  the 
same  reason,  snow  preserves  the  warmth  of  the  earth  in  frosty 
feather. 

Count  Rumford  measured  the  relative  conducting  power  of 
different  materials  employed  for  clothing,  by  enveloping  a  dMF- 
mometer  in  a  glass  cylinder,  blown  into  a  ball  at  its  exUmutfy 
and  filling  the  interstices  with  the  substance  to  be 
He  heated  the  apparatus  in  boiling  water^  and  then 
ferred  it  into  melting  ice,  and  observed  the  number  of 
which  elapsed  during  the  passage  of  the  thermometer  tTnifum^ 
130  degreeB. 
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Air,  alone  required 

.    576" 

Raw  silk 

.     1284" 

Lint 

.  ia32 

Beavers'*  far  . 

.     1296 

Cotton  wool 

.  1046 

Eider  down  . 

.     1305 

Sheep's  wool    . 

.  1118 

Hares'  fur 

.     1315 

The  unerring  Wisdom  which  providently  presides  over  the 
order  of  nature,  changes  the  clothing  of  many  animals  as  the 
seasons  change:  hair,  at  the  approach  of  winter,  being  changed 
into  wool,  and  feathers  into  down. 
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§  163.  EvBRT  one  is  aware  that,  notwithstanding  the 
difRculty  with  which  heat  travels  through  liquid  and  aeriform 
nuitter,  by  the  process  of  conduction,  that  is,  without  disturbing 
the  relative  position  of  adjacent  particles,  both  classes  of  bodies 
speedily  become  heated,  and  that  equilibrium  of  temperature  is 
brought  about  which  it  is  always  the  tendency  of  heat  to  operate 
and  maintain.  This  is  effected  by  processes  of  circulation — or 
rapid  change  in  the  relative  position  of  adjacent  particles, — and 
the  process  has  been  appropriately  termed  Convection. 

When  a  liquid  is  heated  we  have  seen  that  it  expands,  and, 
of  course,  becomes  lighter;  from  its  great  mobility  the  heated 
and  lighter  particles  rise  to  the  surface  of  the  mass,  and  a  new 
portion  comes  into  contact  with  the  source  of  heat,  rises  in  its 
turn^  and  so  the  whole  is  brought  successively  under  its  influence, 
and  the  motion  will  continue,  as  long  as  heat  continues  to  be 
thus  oommunicated.  The  rapidity  with  which  heat  is  thus  con- 
veyed is  easily  illustrated  by  the  simple  apparatus  of  the  water 
m  the  gkts-tube  (§  159).  If,  instead  of  applying  the  flame  of 
Ae  qiirit-lunp  to  the  surface  of  the  liquid,  it  be  applied  to  the 
bottcmiy  the  whole  mass  speedily  attains  the  boiling  tempe- 
ntaue,  and  becomes  intolend>le  to  the  hand.  The  course  of  the 
corieuta  by  which  the  circulation  is  maintained  is  easily  rendered 
vinUe  by  anqyending  some  light  powder,  of  about  the  same 
gnnity^  in  water^  in  a  glass  flask.  The  more  a  liquid  is 
by  a  given  change  of  temperature,  the  greater  will  be 
tte  iBflhtifinnii  of  apecific  gravity  between  the  part  which  is 
iMtad  and  the  leat  of  the  maas^  and  the  more  rapid  therefore 
vBha-dM  draulation  firom  the  change.  Any  tenacity  and  via* 
vrilf  4ft  tttt  Uqind  wiU  impede  ita  motion,  and  when  water  ia 
^Hifainful  with  Hoar,  at  other  fBrinaceooa  anbatancea,  it  parta 
iMi  MKgdnl  liMt  iwry  abwly:  many  a  peraon,  however^  has 
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burned  his  mouth  with  hot  porridge,  and  expressed  his  surprise 
at  tlie  slowness  with  which  it  cools,  without  being  able  to  assign 
the  philosophical  reason  of  the  phenomenon. 

Tlie  circulation  of  heated  water  is  now  commonly  and 
advantageously  applied  as  a  safe,  economical,  and  regular  means 
of  warming  hothouses,  and  other  buildings. 

The  heating  of  a  large  body  of  liquid  may  be  greatly  faci- 
litated by  assisting  the  separation  of  the  ascending  hot  current 
from  the  descending  cold  one  by  the  interposition  of  a  dia- 
phragm properly  disposed;  without  such  a  contrivance  the 
two  currents  interfere  and  neutralize  each  other's  motions. 
Mr.  Perkins  constructed  a  boiler  upon  this  principle,  which 
was  found  to  be  very  efficacious  and  economical.  The  dia- 
phragm consisted  of  an  arched  sheet  of  iron,  placed  in  the 
interior,  immediately  over  the  hottest  part  of  the  fire,  and  divided 
in  the  middle  by  a  longitudinal  slit,  through  which  a  column  of 
hot  water  ascended,  while  the  colder  parts  descended  on  each 
side,  and  thus  a  regular  and  free  circulation  was  maintained. 

§  164.  The  same  process  takes  place,  but  much  more 
rapidly,  in  elastic  fluids;  and  in  this  class  of  bodies  the  equili- 
brium of  heat  is  maintained  by  a  circulation  of  the  most  perfect 
kind.  Any  one  who  has  observed  ^^  the  motes  in  a  sunbeam," 
must  have  remarked  by  their  motion,  in  almost  every  direction, 
the  rapidity  with  wliich  the  ascending  and  descending  currents 
of  the  air  upon  which  they  are  borne,  intermingle;  and  upon 
looking  across  a  heated  body,  as  a  chimney  or  a  hot  poker,  the 
ascent  of  the  heated  column  of  air  may  clearly  be  detected. 

The  force  ^vith  which  it  rises  is  indicated  by  the  steady  and 
tapering  form  of  the  flame  of  a  candle,  which  consists  of  aeiifbnn 
matter  in  a  state  of  ignition.  This  heated  current  generally 
ascends  perpendicularly  in  the  surrounding  cool  medium,  but 
may  be  diverted  from  its  course  by  holding  over  it  a  long  tubci 
in  the  axis  of  which  it  will  flow,  though  greatly  inclined  from 
the  perpendicular.  The  flame  of  a  gas-burner  may  even  be 
directed  downwards  by  connecting  it  with  the  shorter  arm  of 
a  tube  bent  twice  at  right  angles.  The  longer  arm  must  have 
the  air  within  it  rarefied,  by  burning  a  little  spirit  of  wine  in  a 
sponge,  when  an  ascending  current  will  be  established^  whidi 
will  draw  down  the  ignited  gas,  the  heat  of  which  will  afterwaidt 
maintain  the  draught  in  the  chimney. 
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§  165.  The  expansive  and  ascensional  force  of  a  body 
if  hot  air  may  also  be  iUustrated  by  confining  it  in  a  bag  of  any 
ight  material^  such  as  tissue  paper.  If  the  aperture  of  such  a 
)ag  be  held  over  the  flame  of  a  piece  of  sponge,  steeped  in 
(pint  of  wine,  it  will  become  distended,  and  ascend  in  the  air. 
Such  was  the  power  which  Montgolfier  first  applied  to  the 
Donstniction  of  a  balloon,  and  in  dependence  upon  this  principle 
Pilatre  de  Rosier  first  committed  himself  to  float  upon  the 
itmosphere. 

§  166.  Some  very  interesting  properties  of  aerial  currents 
may  be  illustrated  by  placing  a  lighted  taper  in  a  flat  dish,  and 
covering  it  with  a  bell-glass,  with  a  long  chimney  immediately 
over  the  flame.  If  a  little  water  be  placed  round  the  edge  of 
&e  glass,  in  the  dish,  the  air  will  be  prevented  from  entering 
onder  it,  and  the  flame  will  speedily  be  extinguished  for  want 
of  a  fresh  supply.  If,  however,  the  taper  be  again  Ugh  ted,  and 
the  chimney  of  the  bell-glass  be  divided  into  two  channels 
by  a  diaphragm  down  the  middle,  and  it  be  again  placed  over 
the  taper,  it  wiD  continue  to  burn  for  any  length  of  time.  The 
heated  and  light  particles  of  the  air,  which  tended  to  ascend  in 
the  tube  in  the  former  arrangement,  but  were  impeded  by  the 
opposite  tendency  of  the  cold  particles  to  descend,  will  pass  out 
by  an  ascending  current  on  one  side  of  the  diaphragm,  while  a 
contrary  current  of  fresh  air  will  continually  compensate  them 
on  the  other  side;  the  direction  of  these  currents  is  readily 
rendered  visible,  by  mixing  some  cloudy  or  smoky  substance 
with  the  descending  current.  This  separation  of  contrary 
conrents  is  of  considerable  importance  in  the  ventilation  of 
nines,  and  many  deep  shafts  are  divided  by  boarded  partitions, 
to  insure  the  descent  of  fresh  air  upon  this  principle. 

We  are  indebted  to  the  expansion  of  air  for  the  ventilation 
of  our  rooms,  and  for  the  ascending  currents  in  oiu*  chimneys, 
by  which  our  fires  are  maintained.  If  we  hold  the  flame  of  a 
candle  to  the  upper  part  of  a  door,  opening  into  a  heated  room, 
we  shall  not  fail  to  find,  by  the  direction  in  which  it  is  bent, 
that  a  current  of  light  heated  air  passes  outwards;  while,  by 
lowering  it  to  near  the  bottom,  we  shall  be  able  to  detect  a 
coonter-current  of  denser  cold  air  rushing  inwards  with  equal 
velocity. 

The  knowledge   of  these   principles,  it  cannot  be  denied, 
ooght  to  have  led  to  a  more  perfect  system  of  ventilation  than 
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is  commonly  adopted  in  our  public  buildings^  where  crowds 
assemble  for  business  or  for  pleasure;  but  this,  unhappily,  is 
not  the  only  instance  in  which  indolence  prefers  the  well-beaten 
road  of  routine  practice  to  the  more  laborious  paths  which  better 
knowledge  would  point  out. 

§  167-  The  convection  of  heat  is  a  process  of  the  utmost 
consequence  also  in  some  of  the  grand  operations  of  nature;  and 
it  is  principally  by  the  circulation  of  fluids,  elastiq  and  non- 
elastic,  of  which  their  perfect  mobility  renders  them  suscep- 
tible, that  the  distribution  of  temperature  over  the  earth  is 
regulated,  and  those  great  inequalities  guarded  against,  which 
would  certainly  result  from  the  heating  of  the  solid  strata  alone. 
Thus  the  atmosphere  with  which  the  globe  is  surrounded 
moderates  the  extremes  of  temperatures  both  in  the  arctic  and 
equatorial  regions.    When  the  surface  becomes  heated  by  the 
direct  rays  of  the  vertical  sim,  the  stratum  of  air  reposing  on  it 
is  rarefied  and  ascends;  its  place  is  supplied  by  the  denser  air 
pressing  in  from  the  colder  parallels,  and  by  a  constant  succes- 
sion of  these  operations  the  heat  is  moderated,  which  would 
otherwise  become  intense.    The  constant  current  of  the  trade 
winds  owes  its  primary  impulse  and  direction  to  this  cause. 
The   constantly  ascending  warm  air,  in  its  eifort  to  maintain 
that  equilibrium  and  equality  of  pressure  which  results  from 
tlie  laws  of  hydrostatics,  must  flow  over  towards  the  colder 
climates,  and  carry  iirith  it  the  heat  with  which  it  is  charged, 
and  thereby  mitigate  the  extremes  of  cold.     Currents  from  the 
poles  to  the  equator  upon  the  surface  of  the  earth,  and  opposite 
currents  from  the  equator  to  the  poles,  in  the  upper  r^on  of 
the  atmosphere,  will  therefore  constantly  exist,  although  their 
directions  may    be  variously  modified   by  inequalities  upon 
the  earth's  surface,  and  other  disturbing  influences.    The  course 
of  these  grand  compensating  currents  has  often  been  traced  by 
accidental  circumstances.    Some  years  ago,  during  an  eruption 
of  a  volcano  in  the  island  of  St.  Vincent,  in  the  West  Indies,  it 
was  observed  that  the  ashes  were  carried  against  the  oooiw 
of  the  winds:  t.  e.,  against  the  course  of  the  current  upon 
tiie  surface  of  the  earth.    The  force  of  the  explosion,  or  the 
ascensional  force  of  the  ascending  column  of  helped  air,  had,  in 
fiact,  carried  them  into  the  upper  stream,  which  was  flowing  in 
the  contrary  direction.    Those  also  who  have  made  tbe  aeoent 
of  the  Ptek  of  Tenerifie,  have  constantly  obeervad  the  wiad 
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bluwiiig  in  the  contrary  direction  on  the  summit^  to  that  which 
prevailed  at  the  foot  of  that  mountain. 

§  168.  Water  is  not  less  useful  in  this  respect^  in  the 
economy  of  nature.  When  a  current  of  cold  air  passes  over 
the  surface  of  a  large  collection  of  water,  it  abstracts  from  it  a 
quantity  of  heat;  the  s})ecific  gravity  of  the  water  is  thereby 
increased,  and  the  cooled  portion  sinks.  Its  descent  forces  up 
a  portion  of  warmer  water  to  the  surface,  which  again  commu- 
nicates heat  to  the  air  passing  over  it;  and  this  process  may  be 
continued  for  a  considerable  time,  proportioned  to  the  deptli  of 
the  water.  Currents  are  also  formed  in  tlie  ocean  similar  to 
those  in  the  elastic  atmosphere.  The  water  which  descends, 
when  unobstructed,  must  spread  at  the  bottom  of  the  sea,  and 
the  denser  water  of  cooler  latitudes  will  flow  towards  the 
equator,  and  produce  compensating  currents  upon  the  surface 
in  opposite  directions;  and  tlius  the  ocean  again  tends  to 
moderate  the  excessive  heats  of  the  torrid  zone,  as  well  as  the 
intense  colds  of  the  polar  climates,  l^e  Gulf  Stream,  as  it  is 
named,  is  an  example  of  this  action.  Tliis  great  current  sets 
across  the  Atlantic  from  the  coasts  of  Africa,  and  being  deflected 
from  the  shores  of  the  Gulf  of  Mexico,  is  carried  northwards  to 
the  banks  of  Newfoundland,  in  the  neighbouring  latitudes  of 
which^  it  may  generally  be  detected  by  its  effects  upon  the 
thennonieter.  An  immense  volume  of  warm  water  is  thus 
transported  to  the  cold  regions  of  the  north,  where  it  cannot 
but  have  a  considerable  influence  upon  the  climate.  It  is 
probable  that  the  temperature  of  the  westerly  winds  of  our  own 
idand  in  wmter  ia  much  influenced  by  this  cause. 

§  169.  And  here  we  must  not  fail  to  observe  the  impor- 
tant and  beneficial  purpose  effected  by  that  singular  exception 
to  the  general  law  of  expansion  by  heat,  which  fixes  the  point 
of  gieateat  density  in  water  nearly  eight  degrees  above  its  point 
of  eongehtion  (§  153).  When  the  whole  mass  of  accumulated 
iuidy  such  as  that  in  a  deep  lake,  has  been  cooled  down  to  the 
temparatuie  of  40^  by  the  perpendicular  circulation  which  we 
bave  jmt  considered,  the  vertical  movement  ceases,  and  the 

beooming  lighter  as  the  temperature  further  falls, 
into  a  sheet  of  loe.    The  subjacent  water  is  preaerved 
ftoM  Ae  fiirtlier  infioence  of  the  cold  by  the  cessation  of  the 

Ha  afanott  perfect  non-oonducting  power.    It, 
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like  mercury,  oil,  and  other  liquids,  its  density  went  on  aug- 
menting to  its  freezing  point,  the  cold  air  would  continne  to 
rob  the  mass  of  its  heat  till  the  whole  sank  to  32°,  and  it  would 
suddenly  set  into  a  solid  rock  of  ice,  and  every  living  animal 
within  it  would  perish.  In  these  climates  a  lake  so  frozen 
could  never  again  be  liquefied;  for  the  process  of  thawing 
necessarily  beginning  above,  the  heated  and  light  water  would 
lie  upon  the  surface,  and  effectually  prevent  the  convection  of 
heat  to  the  lower  strata. 

We  are  naturally  struck  with  this  wonderful  proof  of  design 
in  a  superintending  Providence:  for  although  proofs  of  the 
most  perfect  contrivances  abound  in  every  stone  which  we 
tread  beneath  our  feet,  and  in  every  breath  of  air  which  we 
draw,  we  here  see  that  the  Almighty  in  his  working  is  not 
rigidly  bound  by  the  laws  which  He  has  framed  for  the  order  of 
the  material  universe,  but  that  He  can  maintain  that  order  and 
effect  his  beneficial  purposes  by  exceptions  to  those  laws^  when 
it  seems  fit  to  his  perfect  wisdom. 

This  is  the  course  in  accumulations  of  fresh  water:  for  the 
waters  of  the  "  great  deep,^^  another  protection  has  been  pro- 
vided. Saline  matter  in  solution  in  water,  it  has  been  asoer« 
tained,  lowers  both  the  point  of  freezing,  and  the  point  of 
maximum  density.  The  ocean,  on  that  account,  and  because 
of  its  great  depth,  which  renders  it  an  almost  inexhaustible 
store  of  heat^  resists  freezing  still  more  efiectually  than  the 
deepest  natural  reservoirs  of  fresh  water^  and  is  scarcely  known 
to  freeze,  except  in  latitudes  where  the  most  intense  cold 
prevails.  Even  then^  it  is  the  watery  particles  alone  which 
congeal  to  the  exclusion  of  the  saline,  which,  increasing  the 
density  of  the  lower  strata,  arrest  their  circulation^  and  thus 
preserve  them  from  the  superficial  cold. 

HEAT  OF  COMPOSITION. 

§  170.  Heat  and  Temperature  we  have  hitherto  used  as 
nearly  synonymous  terms^  and  all  the  effects  of  the  subtle  fbroe^ 
to  which  we  have  been  directing  our  attention^  have  been 
accompanied  by  its  free  developtnent^  and  have  been  measmed 
by  our  sensations,  and  by  the  thermometer  and  pyronifliaer. 
We  have  now  to  trace  it,  entering,  as  it  were,  into  die  compo- 
sition of  bodies,  losing  its  character  of  temperatarc^  and 
becoming  latent  to  our  instruments  and  our  feelings. 

Equal  volnmes  of  the  same  liquid,  at  different  tempentam^ 
afford,  upon  mixture,  the  mean  temperature  of  the  two.    A  pint 
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of  water  at  50^,   being  mixed  witli  a  pint  at  lOO"^,  a  tliemio- 
meter  immersed  in   the  mixture  will  indicate  a  temperature  of 
/V.   This  result   has  already,  indeed^  been  adduced  in  confir- 
mation of  the  accuracy  of  the  instrument  (§  145).     If,  however, 
I  measure  of   quicksilver  at   100^  be  agitated  with  an  equal 
neasure  of  water  at  40^,  the  resulting  temperature  of  the  two 
rill  not  be  70°,  or  the  mean,  but  10°  lower,  or  C0°;  so  that  the 
[uicbilver  will  lose  40°,  whereas  the  water  will  only  gain  20°: 
et  the  water  mtist  contain  the  whole  heat  which  the  quick- 
alTer  has  lost.     Hence,   it  appears  that  water  has  a  greater 
apacity  for  heat  than  quicksilver:  it  requires  a  larger  quantity 
i  heat  to  raise  it  to  a  given  temperature.     The  confirmation  of 
iiii  view  may  be  obtained  by  the  converse  of  the  experiment; 
ior  if  a  measure  of  water  at  100°  be  agitated  with  an  equal 
ooeasiure  of  quicksilver  at  40°,  the  resulting  temperature  will  be 
^:  the  water  will  fall  20°  in  temperature,  but  in  this  fall  will 
pfe  out  sufficient  heat  to  raise  the  quicksilver  40°. 

The  same  comparison  may  be  made  by  weight,  and  will  lead 
to  the  same  conclusion.  Thus,  if  a  pound  of  quicksilver  at  40° 
be  agitated  with  a  pound  of  water  at  156°,  the  resulting 
temperature  will  be  152°.3:  the  water  will  lose  3°.7  of  tem- 
perature, but  enough  heat  will  be  evolved  to  raise  the  metal 
112°3.  Now,  the  proportion  of  3°.7  :  112°.3,  is  the  same  as 
0.033  :  1 ;  hence,  adopting  water  as  the  standard  of  comparison, 
we  call  the  specific  heat  of  quicksilver  0.033,  designating  by 
the  term  specie  heat  the  heat  peculiar  to  the  species  of  matter 
compared  with  the  standard. 

Again:  If  a  pound  of  water  at  100°,  and  the  same  weight 
of  oil  at  50°,  be  mixed  together,  the  resulting  temperature  will 
not  be  the  mean,  7^°,  but  83°i;  the  water,  therefore,  will  lose 
16°},  while  the  oil  will  gain  33°i,  or  reversing  the  temperatures, 
the  mean  will  be  66%y  so  that  the  oil  will  give  out  33°^,  and 
the  water  wiU  rise  only  16°f .  Hence,  the  heat  which  will  raise 
the  temperature  of  oil  2°,  will  raise  an  equal  weight  of  water 
only  1°;  and  the  specific  heat  of  oil  will  therefore  be  0.5. 

§  171.  This  different  capacity  of  different  bodies  for  heat 
most  have  a  considerable  influence  upon  their  rates  of  heating 
or  cooling:  those  which  have  the  highest  specific  heat  increasing 
or  diminishing  their  temperatures  most  slowly  under  equal 
circomstances.  Thus,  if  equal  weights  of  water  and  quicksilver 
I*  placed  at  equal  distances  before  a  fire,  the  meUl  wiU  be 
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more  rapidly  heated  than  the  water;  and  again  will  cool  down 
a  certain  number  of  degrees  more  rapidly  when  exposed  in  a 
cold  place.  Conversely,  the  specific  heats  of  different  bodies 
may  be  determined  by  carefully  obser>-ing  the  time  in  which 
they  cool  down  a  certain  number  of  degrees,  and  comparing 
them  with  water  under  similar  circumstances.  This  method  b 
susceptible  of  great  accuracy,  and  may  obviously  be  applied 
where  mixture  is  impt)ssible. 

§  172.  A  third  method  of  ascertaining  specific  heats  was 
devised  by  MM.  Lavoisier  and  La  Place,  who  contrived  an 
apparatus  for  the  purjjose,  to  which  they  gave  the  name  of 
Calorimeter.  Tliis  instrument  was  liable,  however,  to  some 
practical  objections,  which  have  limited  its  use.  The  principle, 
upon  which  it  was  constructed,  will  afford  another  illustration 
of  the  nature  of  the  phenomenon  (40).  A  certain  weight  of 
water,  for  instance,  was  surrounded  M-ith  ice  in  a  convenient 
vessel,  and  in  passing  from  the  temperature  of  212°  to  32°,  the 
quantity  melted  was  found  to  be  a  pound;  an  equal  weight  of 
oil  in  cooling  down  through  the  same  range  of  temperature 
thawed  only  half  a  pound:  and  from  this  experiment  we  arrive 
at  the  same  conclusion,  as  from  mixture  and  cooling,  that  the 
specific  heat  of  water  being  reckoned  as  1°,  that  of  the  oil  is 
only  0.5°. 


(40)  Tlie  calorimeter  consists 
of  two  similar  metallic  vessels,  the 
one  contained  within  the  other, 
and  kept  separate  bj  small  pieces 
of  wood.  The  interval  between 
the  two  is  filled  with  ice,  broken 
small,  and  packed  close.  By  con- 
stantly renewing  this  ice  as  it  melts 
by  the  heat  of  the  atmosphere,  the 
interior  vessel  will  be  kept  con- 
stantly at  the  temperatare  of  39°. 
The  water  which  is  formed  is  re- 
moved by  a  stop-cock  placed  at  the 
lower  part  of  the  interval  between 
the  two  vessels.  Within  the  interior  vessel  another  still  smaller  ii 
suspended,  formed  of  iron  net,  designed  to  hold  the  body  to  be  cooled* 
The  interval  between  thu  third  vessel  and  the  second  it  also  filled 
with  ice:  and  the  water  which  this  latter  produces  in  melting,  flows 
out  of  the  lateral  stop-cock  into  a  vessel  which  receivae  it,  that  it  mi^ 
beaecBTately  weighed. 
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Tlie  following  table  exhibits  the  specific  heats  of  equal 
weights  of  various  bodies  referred  to  this  standard,  from  tlie 
best  authorities : — 

Table  XV.     0/  Specific  Heals. 


Hydroiren  cas 

.     3.2936 

Carbonic  acid 

Water   .         . 

.     1.0000 

Charcoal 

Aqueous  vapour 

.    0.8470 

Sulphur 

Alcohol 

.    0.7000 

Iron 

Ether     . 

.    0.8600 

Zinc 

Oil 

.    0.5200 

Mercury 

Nitrogen  gas  . 

.    0.2764 

Platinum 

Air 
Oxygen 

.    0.2669 
.     0.2361 

Gold      . 

^  1/3.  It  has  been  shown  by  the  careful  experiments  of 
MM.  DuloDg  and  Petit,  that  the  specific  heat  of  bodies  in- 
creases as  their  temperature  rises;  so  that  it  requires  more  heat 
to  raise  them  a  certain  number  of  degrees  when  at  a  high  than 
when  at  a  low  temperature.  The  specific  heat  of  iron,  for 
instanccj  was  found  as  set  down  in  the  following  table; — 

Table  XVI.     Specific  Heat  of  Iron. 
From  32°  to  212°    .  .  .     0.1098 

392°    .         .  .     0.1150 

572°    .  .         .     0.1218 

662°    .         .         .    0.1266 


Tablb  XVII.    Proffreuive  Specific  Heat. 

BMween  32°  and  213°. 

Betw«!li32°uid679*. 

OfHeiciii;      . 

.    0.0330 

0.0350 

Zinc   . 

.    0.0927 

0.1015 

.    0.0507 

0.0S47 

eiha 

.    0.05S7 

0.0611 

Coppa         . 

.    OHMS 

0.1013 

Phi^Dm     . 

.    0.033S 

0.0355 

OUm 

.       .    0.1770 

0.1900 

1 1 74.  It  u  probably  from  changes  effected  in  the  specific 
bat  of  bo£ea  that  condenoatioii  or  approximation  of  their 
particles  is  attended  with  elevation  of  temperature,  and  dilatation 
or  expansion  with  the  opponte  effect. 

n'hoi  spirits  of  wine  and  water  are  mixed  together  in  equal 
[lyiiiirfiii.  it  way  be  shown  that  the  bulk  of  the  mixture  is  len 
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than  that  of  the  two  liquids  in  their  separate  states  (^9G) ;  and, 
in  consequence,  the  temperature  rises  so  as  to  become  seasibly 
warm  to  the  hand.  In  the  same  way  oil  of  vitriol  and  water 
contract  on  mixture,  and  so  much  heat  becomes  free,  that  some 
inflammable  substances  may  be  kindled,  or  water  boiled,  by  its 
application.  The  sudden  compression  of  air  by  the  piston  of  a 
small  syringe  disengages  heat  enough  to  kindle  tinder  exposed 
to  it:  while  compressed  air  suddenly  allowed  to  expand  wiD 
become  so  cold  as  to  condense  all  the  vapour^  with  which  it 
may  be  mixed,  in  the  fonn  of  a  cloud.  If  a  delicate  ther- 
mometer again  be  suspended  in  the  receiver  of  an  air-pump,  it 
will  be  found  to  sink  during  the  process  of  exhaustion,  and  the 
cloud  which  commonly  forms  at  the  same  time  is  owing  to  the 
same  absorption  of  the  heat  of  temperature. 

§  175.  Tlie  increased  capacity  which  air  acquires  by  rare- 
faction has  an  important  influence  in  modifying  the  temperature 
of  the  atmosphere.  The  air  becoming  rarer  as  it  ascends, 
absorbs  its  own  free  heat,  and  hence  becomes  cold  in  pro- 
portion as  it  recedes  from  the  surface  of  the  earth,  from  which 
it  chiefly  derives  its  heat.  Tlie  average  depression  of  tem- 
perature has  been  found  to  be  about  1°  of  Fahrenheit's  scale  for 
each  300  feet  of  ascent.  Sir  John  Leslie  investigated  the 
subject  and  proposed  a  formula,  the  results  of  which  agree 
admirably  with  observation  and  experiment;  even  the  extreme 
result  of  the  ignition  of  the  tinder  to  which  we  have  just 
referred  being  indicated  by  it.  It  may  be  expressed  as  follows: 
Multiply  the  constant  co-efiicient  45  by  the  difference  between 
the  density  of  the  air  and  its  reciprocal,  and  the  result  will 
represent  the  measure  of  heat  upon  Fahrenheit's  scale  due  to  the 
change  of  condition.  This  result  may  he  plus  or  minus:  it  may 
express  the  heat  liberated  in  the  condensation  of  air^  or  the 
heat  absorbed  during  its  opposite  rarefaction. 

Thus  let  it  be  required  to  estimate  the  heat  liberated  from 
air  when  its  density  is  tripled : 

45  (S-i)  =  120° 
which  is  the  measure  of  the  heat  liberated;  and  the  nme 
quantity  will  be  absorbed  either  when  the  air  recovera  ita  fermer 
density,  or  when  air  of  the  ordinary  state  is  expanded  intD 
triple  its  volume.  By  this  constitution  of  the  atmo^ilia^ 
heat,  so  to  speak,  is  economised:  for  if,  instead  of  thoa  baiiiK 
absorbed  and  laid  up  in  store,  it  had  remained  free,  it  vouU 
soon  have  become  dissipated  and  lost.    Other  moat  i^pportant 
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purposes  are  also  effected  by  the  progression  of  temperature 
which  this  law  of  specific  heat  has  a  tendency  to  maintain^  to 
which  we  shall  presently  advert. 

§  1/6.  When  matter  undergoes  one  of  the  great  physical 
duinges,  from  the  solid  to  the  liquid,  and  from  the  liquid  to  the 
aeriform  state,  we  find  exemplifications  of  the  phenomena  of 
ktent  heat.  As  in  these  transitions  a  large  quantity  of  heat  is 
absorbed,  combined,  or  fixed,  so  in  the  opposite  changes  from 
dtt  aeriform  to  the  liquid,  and  from  the  liqidd  to  the  solid  state, 
beat  is  again  liberated  and  becomes  sensible. 

It  was  Dr.  Black,  who,  about  the  year  1757^  originally 
mvestigated  the  phenomena  of  latent  heat  with  singular  success, 
and  his  researches  upon  the  subject  rank  amongst  the  most 
admirable  efforts  of  experimental  philosophy.  The  observation 
bad,  as  has  been  before  remarked  (§  139),  previously  been 
made  that  the  freezing  and  boiling  of  water  always  took  place 
It  certain  fixed  temperatures;  but  it  occurred  first  to  Dr.  Black, 
to  inquire  what  becomes  of  the  heat  which  in  either  case  must 
keep  continually  flowing  into  the  bodies  whilst  the  processes  are 
maintained. 

Equal  weights  of  water  at  32^  and  of  water  at  212^  will,  as 
bas  been  before  explained,  produce  on  mixture  the  mean  tem- 
perature of  122°:  but  equal  weights  of  ice  at  32°  and  of  water 
at  212°  only  produce,  after  the  ice  has  melted,  a  temperature  of 
52°:  the  water  loses  160  degrees  of  temperatiure  while  the  ice 
acquires  only  20°;  140°  degrees  of  heat  are  therefore  expended 
m  changing  the  state  of  the  ice  from  solid  to  liquid.     Dr. 
Bhck,  from  this  and  similar  experiments,  drew  the  conclusion 
that  this  portion  of  heat  became  latent  in  the  water;  which 
owes  its  fluid  state  to  this  latent  heat.     That  this  heat  is  not 
fatroyed  or  annihilated,  will   appear  from  considering  that 
water,  exposed  to  a  degree  of  cold  far  below  the  freezing-point, 
will  gradually  p^urt  with  its  excess  of  temperature  above  that  of 
the  surrounding  bodies,  and  become  colder  and  colder  till  it 
reaches  the  freezing-point;  but  will  not  descend  below  32°  till 
the  whole  has  become  ice,  and  yet  it  must  continue  yielding  up 
beat  at  the  same  rate  as  before.    There  must  therefore  be 
within  it  a  continued  supply  of  heat  to  keep  it  up  to  this  fixed 
pwnt:  the  moment  the  whole  becomes  concrete,  the  tempe- 
J^tore  will  begin  to  sink,  and  will  soon  reach  that  of  the  sur- 
rounding objects  and  medium.    The  thawing  of  ice  and  snow 
tiiTttberomes  a  gradual  process;  and  without  such  a  provision 
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sudden  and  devastating  floods  would  accompany  the  breaking 
up  of  winter  in  the  polar  and  temperate  climates. 

§  177*  Similar  phenomena  are  obsen^able  in  all  cases  of 
liquefaction;  and  we  can  produce  artificial  cold  often  of  great 
intensity  by  the  rapid  solution  of  certain  saline  bodies  in  water; 
upon  this  principle  the  action  of  freezing  mixtures  depends, 
wliich  are  often  apphed  economically  to  tlie  purpose  of  cooling 
beverages  in  hot  cHmates.     Tlie  mere  solution  of  nitre  alone 
will  lower  the  temperature  of  water  at  50°  to  35°,  and  four 
ounces  of  nitrate  of  ammonia,  with  four  ounces  of  carbonate  of 
soda,  dissolved  in  four  ounces  of  water  at  60°,  will  in  three 
hours  freeze  ten  ounces  of  water  in  a  metallic  vessel  immersed 
in  the  mixture  whilst  the  solution  is  in  progress.     A  mixture 
of  equal  parts  of  snow,  or  pounded  ice  and  common  salt,  will 
sink  the  thermometer  from  32°  to  0°,  or  the  point  from  which 
Fahrenheit  commenced  his  thermometric  scale,  upon  the  mis- 
taken notion  that  he  had  obtained  the  absolute  zero  of  heat 
It  is  this  mixture  which  is  commonly  employed  for  freezing 
cream.     From  the  rapidity  with  which  salt  and  ice  react  upon 
one   another  and  produce  liquefaction,   salt  is   often   strewed 
upon  the  pavement  of  the  streets  when  they  become  incrusted 
with   hardened   snow,   and  it   is   then   easily   removed.     The 
thawing  of  the  ice  by  the  production  of  a  greater  degree  of  cold, 
might  appear   paradoxical   to   those   who   have   not  properly 
considered  the  steps  of  the  process. 

A  mixture  of  three  parts  of  muriate  of  lime  and  two  parts 
of  snow,  will  sink  the  thermometer  from  32°  to  -  50°,  a  degree 
of  cold  sufficiently  intense  to  freeze  quicksilver.  To  produce 
the  maximum  effect,  the  salts  should  be  newly  crystallized, 
reduced  to  a  fine  powder,  and  cooled  to  32°,  and  the  vessels  in 
which  the  freezing  mixture  is  made  should  be  very  thin.  The 
mixture  should  also  be  made  as  rapidly  as  possible. 

One  of  the  most  striking  modes  of  illustrating  the  absorption 
of  heat  by  liquefaction,  is  by  the  action  of  metallic  bodies  alone: 
if  207  pBits  of  lead,  1 1 8  of  tin,  and  284  of  bismuth  be  melted 
together  and  reduced  to  a  fine  state  of  division  by  pouring  them 
into  water,  upon  dissolving  the  alloy  in  1617  parts  of  quick- 
silver, a  thermometer  immersed  in  the  mixture  will  sink  firam 
63  to  14,  and  water  may  be  frozen  by  the  process. 

All  liquids  remain  perfectly  fixed  at  the  temperature  of  tbeir 
eongealing-points  during  the  process  of  liquefinction,  or  as  long 
as  any  of  the  substance  remains  in  the  solid  form:  tfarir  tem- 
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eratares  cannot  rise^  because  all  the  heat  to  which  they  may 
le  exposed  is  absorbed  and  rendered  latent.  The  use  of  this 
)omt  in  water  for  the  graduation  of  thermometers  we  have 
already  noticed  (§  139). 

§  1 78.  Tlie  following  is  a  table  of  the  congealing-points 
of  Tarious  bodies^  including  a  range  of  temperature  Arom  the 
boiling  of  water  to  the  freezing  of  mercury,  throughout  which 
the  law  is  maintained : — 

Table  XVIII.     Of  Conyealing^Points. 


Sulphuric  ether 

.-46° 

Acetic  acid  . 

.     50° 

Mercury 

.-39 

Tallow 

.     92 

Oil  of  turpentine  . 

.  +  14 

Wax    . 

.  149 

Water 

.     32 

Sulphur 

.  218 

Olire  oil 

.     36 

The  fusing  or  congealing-points  of  metals  in  the  higher 
nnges  of  the  pyrometer,  are  equally  fixed,  and  the  temperature 
of  melting  iron  or  gold  is  invariable  in  the  heat  of  the  most 
powerful  ^-ind  furnace,  so  long  as  any  of  the  metal  remains  in 
the  solid  state. 


Table  XIX.     Congealing-Poinis  of  Metals. 

Mercury     .  .         .-39°        Zinc 

Potassium  .  •         .  +  136 

Sodium       .         .  .     194 

Bismuth,  lead  and  tin)     ^lo 

alloy       .  .  J 

Tm  .  .  .  .  442 
Bismuth  .  .  .476 
Lead  ...     612 


Silver 

Copper 

Gold 

Cast  iron    • 

Iron  and  1    . 

,  ^.  >  above 

platinum  ) 


773° 
187:^ 
1996 
2016 
2786 

3280 


§  179.  The  quantity  of  heat  absorbed,  or  rendered  latent 
^  the  fusion  of  various  bodies,  is  not  a  constant  quantity  for 
^  but  varies  in  different  bodies;  this  is  shown  by  the  follow- 
^  results  of  the  experiments  of  Dr.  Irvine: — 

Table  XX.    Latent  Heat  of  Liquids. 


Water     . 

.    140° 

Bees^-wax  . 

.     175° 

Sulphur  . 

.     143.7 

Zinc  . 

.     494 

Spermaceti 

.     145 

Tin    . 

.     500 

Ud      .        . 

.     162 

Bismuth     . 

.     550 

§  180.  When  liquids,  on  the  contrary,  pass  into  the  solid 
*^j  their  latent  heat   becomes   sensible;   water,  by  careful 
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management^  as  by  exposing  it  in  an  undisturbed  atmosphere 
to  a  freezing  mixture  with  a  little  oil  floating  upon  its  surface, 
may  be  cooled  several  degrees  below  its  freeadng-point  without 
solidifying,  but  the  moment  that,  by  agitation  or  other  means, 
it  is  made  to  congeal,  it  rises  to  the  temperature  of  32°, 

A  liquid  alloy  of  sodium  and  potassium  may  easily  be  formed 
by  pressing  pieces  of  the  two  metals  together:  if  this  liquid  be 
brought  into  contact  with  some  mercury,  the  amalgam  instantly 
solidifies  and  becomes  very  hard,  and  at  the  same  time  so  much 
heat  is  evolved  as  to  inflame  any  naphtha  which  may  be  present. 
This  forms  a  striking  contrast  with  the  experiment  of  the 
liquefaction  of  metals  previously  mentioned  (§  177)- 

If  spirit  of  wine  be  poured  into  a  saturated  solution  of 
sulphate  of  potassa,  the  salt  is  instantly  precipitated  in  the  solid 
form,  and  the  temperature  of  tlie  liquid  rises  so  as  to  become 
sensibly  warm  to  the  hand.  When  water  is  poured  upon 
quick-lime,  a  great  degree  of  heat,  and  sometimes  ignition,  is 
produced,  from  the  solidification  which  it  undergoes  in  conse- 
quence of  chemical  combination.  In  short,  congelation  is  at  all 
times  a  heating,  and  liquefaction  a  cooling,  process  to  all 
surrounding  bodies. 

If  we  pursue  the  relations  of  matter  and  heat  under  the  next 
change  of  physical  condition,  we  shall  find  the  same  laws  main- 
tained in  the  passage  of  a  body  from  the  state  of  a  liquid  to  that 
of  a  vapour,  and  in  the  contrary  operation  of  passing  from  the  aeri- 
form to  the  liquid  condition.  There  is  no  more  clear  and  con- 
vincing mode  of  exemplifying  the  phenomena  than  by  reference 
to  the  common  still  and  worm-tub.  During  the  whole  process 
of  ebullition  in  the  still,  when  once  the  liquid  has  attained  its 
boiling-point,  the  temperature  never  rises  above  that  point: 
notwithstanding  the  constant  action  of  a  strong  fire  it  never 
varies,  but  all  the  heat  is  absorbed,  and  fixed  by  the  process  of 
vaporization.  The  water  in  the  worm-tub,  on  the  contrary, 
becomes  hotter  and  hotter  during  the  passage  of  the  vapour 
again  into  the  liquid  state,  and  unless  the  cold  water  were 
constantly  renewed,  the  process  could  not  be  carried  on.  The 
vapour,  in  fact,  acts  the  part  of  a  carrier  of  the  heat^  takiiig  it 
from  the  fire  and  delivering  it  up  to  the  water. 

Tlie  heat  given  off  by  steam,  during  its  condensation^  is  now 
commonly  applied  to  the  wanning  of  buildings,  and  is  at  onoe 
safe,  salubrious,  and  economical. 


EBULLITION.  J  39 

§  181.  If  die  process  of  vaporization  had  not  been  thus 
progressive, — if  the  constitution  of  a  liquid  had  been  such,  that 
upon  reaching  a  certain  temperature  it  would  have  been  at  once 
converted  into  the  aeriform  state^ — the  boiling  of  a  tea-kettle 
would  have  been  a  service  of  imminent  danger;  the  whole 
volume  of  water  would  have  at  once  flashed  into  steam,  with 
explosive  violence. 

Such  a  danger  is,  in  fact,  incurred  upon  distilling  oil  of 
vitriol,  without  great  caution.  The  specific  heat  of  the  vapour 
of  this  acid  is  very  small,  and  hence,  when  it  begins  to  boil, 
sudden  explosions  of  dense  vapour  rush  forth  from  time  to 
time,  and  the  glass  retort  is  liable  to  be  broken  by  the  con- 
cussion. 

Every  liquid,  when  of  the  same  degree  of  purity,  and  under 
equal  circumstance  of  atmospheric  pressure,  has  one  specific 
point  at  which  it  invariably  boils : — thus,  pure  water  boils  at  2 1 2^ ; 
spirits  of  wine,  of  the  specific  gravity  of  .813,  at  173^;  ether 
at  06°y  when  the  pressure  of  the  atmosphere,  as  indicated  by  the 
barometer,  is  thirty  inches:  that  is  to  say,  at  those  respective 
temperatures  their  several  vapours  attain  an  elasticity  equal  to 
that  of  the  incumbent  atmosphere,  and  they  are  enabled  by  the 
slightest  impulse  to  act  upon  the  air  in  mass,  and  to  remove  its 
obstruction  to  their  course. 

We  have  already  alluded  to  the  influence  of  adhesion  upon 
the  boiling-point  of  water  (§  87);  a  difference  of  2^  may  thus 
be  produced^  and  water  will  appear  to  boil  at  214^  in  a  glass  or 
glased  porcelain  vessel^  instead  of  212^. 

§  182.  The  decrease  of  the  atmospheric  pressure  enables 
vapour  of  lower  degrees  of  elasticity  to  overcome  its  resistance, 
and  hence  liquids  boil  at  lower  temperature  when  it  is  dimin- 
ished. Under  the  receiver  of  an  air-pump  water  may  be  made 
to  boil  at  the  temperature  of  32^:  that  is  to  say,  the  pressure 
may  be  reduced  till  the  vapour  of  water  at  that  temperature, 
whidi  18  of  no  higher  degree  of  elasticity  than  would  be  suffi- 
cient to  support  a  column  of  mercury  in  the  barometer  of  0.20 
iiidio^  would  be  sufficient  to  remove  it,  but  the  full  amount  of 
ktmt  heat  must  be  absorbed  in  its  passage  into  the  aeriform 
slate:  md  as  this  can  be  derived  from  no  exterior  source,  its 
owafine  hcttt^ters  into  combination. 

If  mmie  ether  be  placed  under  the  receiver  of  the  air-pump^ 
nd  an  enengement  nude  by  means  of  a  sliding-rod,  by  which 
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a  small  flask  of  water,  covered  with  some  bibulous  substance, 
be  alternately  dipped  into  it,  and  removed,  when  the  exiiaustion 
is  made  tlie  ether  will  boil  rapidly,  and  absorbing  the  heat  of 
the  water,  will  cause  it  speedily  to  congeal. 

Mercurj*  may  even  be  frozen  by  the  same  process,  by 
substituting  sulpburet  of  carbon  for  the  ether.  The  rapid 
evaporation  of  water  is  carried  on  with  the  greatest  fadlity 
under  diminished  pressure,  especially  if  tlie  steam  which  is 
formed  be  condcused  during  its  formation,  so  as  to  remove  the 
resistance  of  its  elasticity.  Upon  this  principle  depends  an 
ingenious  mode  of  freezing  water  in  common  atniosphenc 
temperatures,  devised  by  the  late  Sir  John  Leslie.  For  this 
purpose  some  substance  which  rapidly  absorbs  tlie  vapour  of 
water,  such  as  oil  of  \'itriol,  (dried  basaltic  rock,  or  dried 
oatmeal,  will  answer  tlie  purjHise,)  is  placed  in  a  flat  dish  upon 
the  plate  of  the  air-pump  ^  over  this  is  supported  upon  a  glass 
trivet  a  capsule  of  glass,  containing  a  little  n'ater,  and  a  delicate 
tliermometer,  and  the  whole  is  covered  with  a  low  glass  receiver; 
when  the  vacuum  is  made,  a  very  instructive  series  of  pheno- 
mena ensue.  Tlie  water  is  speedily  seen  to  boil,  or  give  out 
large  bubbles  of  steam,  and  the  thermometer  begins  to  fall 
very  rapidly,  denoting  that  the  free  heat,  or  heat  of  temperature, 
is  rapidly  absorlwd  during  the  process  iif  vaporization.  This  steam 
is  instantly  absorbed  by  the  oil  of  vitriol,  which  becomes  hot  by 
the  evolution  of  the  latent  heat  of  the  steam  during  its  return 
to  tlie  hquid  state,  and  in  a  short  time  the  whole  remainder  td 
the  water  ia  converted  into  a  cake  of  ice  (41). 

Another  beautiful  illustration  of  the  same  principle  is 
afforded  by  a  little  apparatus  of  the  late  Dr.  WoUaston,  which 


(41)  A  is  the  glM 
diih  which  containi 
the  add;  d  the  trivet 
supporting  the  glaw 
ca[wule,  B,  three  parts 
filled  with  water;  and 
c  the  tberaioiiMter,  to 
■how  the  ptogren  of 
the  refrigentioii. 
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s  named  by  him  the  cryophorttSy  or  frost-bearer.  It  consists  of 
)  bulbs  of  glass,  connected  together  by  a  long  stem  of  glass, 
i  containing  water.  The  water  is  boiled  in  one  of  the  bulbs 
the  included  air  is  expelled  by  the  generated  steam,  through 
imall  aperture  in  the  other  bulb,  which  is  then  sealed  at  a 
ip;  when  cool,  the  pressure  of  the  included  steam  is  reduced 
that  due  to  the  temperature  of  the  air:  if  the  empty  bulb  be 
w  surroimded  with  a  freezing  mixture  of  snow  and  salt,  its 
sticity  again  falls,  and  rapid  evaporation  takes  place  from  the 
iter  in  the  distant  ball,  which  is  soon  converted  into  ice  by  the 
pid  abstraction  of  its  heat  of  temperature  (42). 


§  183.  The  rapid  evaporation  of  water  at  low  tempera- 
res,  imder  diminished  pressure,  has  been  taken  advantage  of 
the  arts,  in  certain  processes  where  vegetable  products  are 
ible  to  injury  from  exposure  to  high  temperatures.  Thus  the 
anufacture  of  sugar  has  been  improved  in  the  process  of  Mr. 
oward,  by  which  the  boiling  of  the  syrup  is  carried  on  in  close 
uis,  from  which  the  &ir  is  extracted  by  means  of  the  air- 
amp:  and  the  preparation  of  vegetable  extracts  is  effected 
ithout  any  danger  of  burning,  by  Mr.  Barry^s  process,  in  close 
essels  from  which  the  air  is  expelled  by  steam,  the  elasticity  of 
liich  is  afterwards  reduced  by  cold  water.  The  distillation  of 
prits  is  also  effected  by  similar  means,  without  the  danger  of 
nparting  an  empyreumatic  flavour  to  the  products.  As  a 
Qode  of  exsiccation  it  is  often  employed  in  chemical  experi- 
ments, by  placing  the  substance  to  be  freed  from  water  under 
^e  receiver  of  an  air-pxmip  with  some  oil  of  vitriol. 

(42)    This  figure  represents  the  cryophorus,   arranged  for   the 
experiment,  with  one  of  its  balls  immersed  in  the  freezing  mixture. 
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^  1$4.  In  consequence  of  die  diministied  dastii 
air  in  the  upper  regions  of  the  atmosphere,  the  boilin 
liquids  is  lower  on  the  tops  of  mountains  than  at  th 
and  water  boils  at  the  summit  of  Mont  Blanc>  at  the 
tare  of  187°.  The  late  Archdeacon  WoUaston  in' 
apparatus  upon  this  principle,  which  is  applicable  to 
surement  of  heights.  It  consists  of  a  mercurial  thei 
with  a  very  Ini^  bulb,  dipping  into  a  small  portal 
which  is  readily  heated  by  a  spirit-lamp.  By  m< 
vernier  the  lOOOth  part  of  a  degree  may  be  read  off 
scale;  and  although  such  a  thermometer  would  h 
follow,  and  imperfectly  indicate  changes  of  atmosphei 
rature,  in  consequence  of  the  Urge  quantity  of  tiie  n 
be  heated,  the  permanency  of  the  boiling-point  of  wi 
permits  of  its  being  exposed  to  it  for  a  sufficient  time 
its  full  effect.  He  found  that  a  difference  of  barometri 
of  0.589  inches,  was  equivalent  to  1°  in  the  boiling 
530  feet  of  ascent;  and  that  the  difference  of  the  h( 
common  table  from  th 
would  produce  a  difi«ren 
boiling-point,  which  wa 
indicated  by  the  instnmu 

§  185.  It  follows 
principles  which  we  have  j 
lished,  that  under  a  pressti 
than  that  of  the  atmosphe 
must  require  a  higher  tei 
to  make  diem  boil,- — to  m 
generate  vapour  of  a  f< 
valent  to  that  pressure, 
the  bottom  of  a  deep 
boiling-point  of  water  will 

(43)  a  IB  the  strong  b 
composed  of  two  hemisphei 
together  with  flanuhes;  b  IS 
meter- tube  passing  through 
tight  collar;  c  is  the  the 
graduated  to  400°,  and  a) 
through  a  steam-tight  colli 
■top-cock,  and  e  a  spirit-la 
whole  is  supported  upon 
stand,/ 
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led  by  him  the  cryophorusy  or  frost-bearer.  It  consists  of 
bs  of  glass^  connected  together  by  a  long  stem  of  glass^ 
itaining  water.  The  water  is  boiled  in  one  of  the  bulbs 
included  air  is  expelled  by  the  generated  steam^  through 
aperture  in  the  other  bulb^  which  is  then  sealed  at  a 
srhen  C00I9  the  pressure  of  the  included  steam  is  reduced 
due  to  the  temperature  of  the  air:  if  the  empty  bulb  be 
rrounded  with  a  freezing  mixture  of  snow  and  salt,  its 
ty  again  falls^  and  rapid  evaporation  takes  place  from  the 
Q  the  distant  ball,  which  is  soon  converted  into  ice  by  the 
bstraction  of  its  heat  of  temperature  (42). 


§  183.  The  rapid  evaporation  of  water  at  low  tempera- 
imder  diminished  pressure,  has  been  taken  advantage  of 
arts,  in  certain  processes  where  vegetable  products  are 
»  injury  from  exposure  to  high  temperatures.     Thus  the 
icture  of  sugar  has  been  improved  in  the  process  of  Mr. 
"d,  by  which  the  boiling  of  the  syrup  is  carried  on  in  close 
from  which  the  &ir  is  extracted  by  means  of  the  air- 
and  the  preparation   of  vegetable  extracts  is  effected 
it  any  danger  of  burning,  by  Mr.  Barry^s  process,  in  close 
{ frx>m  which  the  air  is  expelled  by  steam,  the  elasticity  of 
is  afterwards  reduced  by  cold  water.     The  distillation  of 
is  also  effected  by  similar  means,  without  the  danger  of 
dng  an   empyreumatic  flavour  to  the   products.     As  a 
of  exsiccation  it  is  often  employed  in  chemical  experi- 
,  by  placing  the  substance  to  be  freed  from  water  under 
ceiver  of  an  air-pump  with  some  oil  of  vitriol. 

2)    This  figure  represents  the  crjophorus,   arranged  for   the 
ment,  with  one  of  its  balls  immersed  in  the  freezing  mixture. 


1 44  BOILING-POINTS. 

which^  being  loaded  with  weights^  only  yields  when  the  internal 
pressure  exceeds  a  certain  amount.  This  apparatus  has  recently 
been  employed  for  the  extraction,  upon  a  large  scale,  of  the 
gelatinous  and  albuminous  matter  which  abounds  in  bones, 
and  the  product  has  been  applied  to  the  purposes  of  nutrition. 
As  the  temperature  of  steam  is  always  that  of  the  liquid  pro- 
ducing it,  and  may  be  accurately  regulated  by  the  degree  of  pres- 
sure, high-pressure  steam  is  often  applied  with  great  advantage 
when  a  steady  heat  may  be  required. 

§  187.  ITie  following  is  a  table  of  the  boiling-points 
of  several  liquids,  under  a  mean  barometric  pressure  of  30 
inches: — 


Table  XXII.     Of  the  Boiliny-Foints  of  Liquids. 

Fahren. 
Ether,  sp.  gr.,  0.736,  at  48° .  100 
Sulphurct  of  Carbon  .  .  113 

Alcohol,  sp.  gravit J  0.81 3  .  173.5 
Nitric  acid,  sp.  gr.  1.500    .210 


Fahm. 
Water       .         .  .         .212 

Oil  of  turpentine  .  .  316 
Sulphuric  acid,  sp.  gr.  1.848  600 
Mercury    ....  655 


§  188.  Having  seen  that  a  large  quantity  of  heat  is 
absorbed,  or  becomes  latent,  in  the  passage  of  a  liquid  to  the 
aeriform  state,  and  is  again  given  out  by  its  recondensation,  it 
becomes  an  interesting  subject  of  inquiry,  to  ascertain  the 
quantity  which  thus  enters  into  combination.  Dr.  Black  ap- 
proximatively  determined  this  for  water  by  a  very  simple  expe- 
riment. He  placed  a  cylindrical  flat-bottomed  vessel  of  tin- 
plate,  containing  a  measure  of  water  at  50°,  upon  an  iron-plate, 
which  was  kept  heated.  He  noted  that  in  four  miimtes  the 
water  began  to  boil,  and  in  twenty  minutes  after  the  whole  had 
evaporated.  In  four  minutes,  therefore,  the  water  had  received 
an  augmentation  of  temperature  of  162°,  or  40}^°  in  each  minute, 
by  which  it  was  carried  up  to  its  point  of  ebullition;  calcu- 
lating that  the  heat  continued  to  enter  the  water  at  the  same 
rate  during  the  whole  time  of  boiling  away,  he  concluded  that 
810°  (or  40i^  X  20)  was  carried  off,  and  became  latent  in  the 
steam.  Dr.  Henry  contrived  an  apparatus  by  which  the  expe- 
riment may  be  made  with  much  greater  precision.  It  oonBiito 
of  a  close  boiler,  with  a  thermometer,  from  which  a  bent  tube 
proceeds,  which  may  be  made  to  dip  into  a  measured  quantitj 
of  water  in  another  veasel,  and  in  which  the  steam  may  be  ooii- 
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(44).  Supposing  the  latent  heat  of  steam  to  be  900^,  a 
of  a  pint  of  water  raised  to  steam  in  the  boiler^  would^ 
)ndensation  into  water^  raise  the  temperature  of  an  equal 
J  in  the  condenser  900°^  if  it  were  possible,  or  what  is 
ent  to  this,  ten  quarter-pints,  or  2^  pints,  90^,  which 
a  easily  obtained.  One  gallon  of  water^  converted  into 
it  the  ordinary  pressure  of  the  atmosphere,  will  by  con- 
on  raise  five  gallons  and  a  half  of  ice-cold  water  to  the 
-point.  The  best  and  most  careful  experiments  agree  in 
he  latent  heat  of  steam  between  900°  and  1000°. 

§  189.  The  latent  heat  of  different  vapours  differs,  as  we 
)und  the  heat  of  fluidity  to  differ,  in  various  liquids. 
Uowing  is  a  table  of  the  latent  heat  of  steam  and  some 
apours,  by  Dr.  Ure: — 

Table  XXIII.    Latent  Heat  of  Vapours. 


Vapour  of  Water,  at  212° 

.     1000° 

„         Alcohol 

.      457 

„          Ether 

312.9 

„          Oil  of  turpentine 

.      183.8 

„         Nitric  acid 

.      550 

„         Ammonia 

.      865.9 

y.         Vinegar    . 

.      903 

a  is  the  copper  boiler  in  which  the  measure  of  water  is 
f  b  a  thermometer  plunged  into  the  same,  c  is  a  stop-cock,  6 
er  stop-cock  opening  a  communication  with  the  bent  tube,  ejl 
beneath  the  surface  of  the  measured  water  in  another  ressel, 
peiature  of  which  is  to  be  raised  by  the  condensation  of  the 
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§  190.  The  density  of  steam  (t.  e.^  the  weight  of  a  given 
volume)  increases  directly  as  its  elastic  force^  upon  the  same 
principle  that  the  density  of  air  increases  with  the  pressure  to 
which  it  is  exposed;  and  the  same  weight  of  steam  contains, 
whatever  its  density  may  be,  the  same  quantity  of  heat;  its 
latent  heat  being  increased  in  proportion  as  its  sensible  heat  is 
diminished  or  absorbed.     The  principle  admits  of  explanation 
by  the  following  supposition : — Let  us  imagine  that  in  a  cylinder 
furnished  with  a  piston,  we  have  a  certain  quantity  of  steam, 
and  that  it  is  suddenly  compressed  by  a  stroke  of  the  piston  into 
half  its  bulk,  without  being  reduced  to  the  liquid  state;  it  would 
acquire  double  elasticity,  and  its  temperature  would  be  increased. 
If  we  either  suppose  the  cylinder  incapable  of  transmitting  heat, 
or  take  the  moment  instantly  following  the  compression^  before 
any  heat  has  had  time  to  escape^  it  must  be  evident  that  the 
sensible  and  latent  heat  together^  before  the  compression^  are 
precisely  equal  to  the  sensible  and  latent  heat^  after  the  com- 
pression; but  in  the  dense  steam  the  sensible  heat  is  increased, 
and  the  latent  heat  diminished  by  equal  quantities.     Reversing 
this  imaginary  experiment,  if  we  suppose  only  half  the  cylinder 
to  contain  steam  at  212°^  and  the  piston  to  be  suddenly  raised 
so  as  to  double  its  volume,  the  density  of  course  will  be  reduced 
to  half,  and  its  temperature  will  fall;  but  its  sensible  and  latent 
heat  together  will  remain  unchanged. 

The  fact  was  long  ago  experimentally  determined  by  Mr. 
Watt;  but  the  experiments  of  MM.  Clement  and  Desormes 
present  us  with  the  following  more  accurate  results: — 

A  certain  weight  of  steam  at  212°, 

condensed  at  32°,  gives  out        .       180°  Sensible  heat. 

950    Latent. 


1130 


The  same  weight  at  250°        .         .218°  Sensible. 

912    Latent. 

1130 


The  same  weight  at  100°  .        68°  Sensible. 

1062    Latent. 

1130 


M.  Desprets  aaoertained  that  the  same  kw  holds  good  iridt 
other  vaponn. 
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$  191.  When  water  is  converted  into  steam^  it  undei^goea 
luch  greater  expansion  of  volume  than  any  other  liquid 
erto  examined.  It  expands  eight  times  as  much  as  sul* 
ric  ether^  and  nearly  three  times  and  a  half  as  much  as 
IigI.  Thus  the  vapours  of  ether  and  alcohol  are  heavier 
that  of  water^  although  the  former^  in  their  liquid  states^ 
igfater  than  the  latter.  The  increase  of  volume  which  cer- 
of  the  commoner  liquids  undergo^  when  converted  into 
or  of  the  ordinary  elasticity  of  the  air^  is  set  down  in  the 
?ring  table: — 

LE  XXIV.     Of  the  Increase  of  Volume  from  Vaporization. 

1  cubic  foot  of  water     =   1689  cubic  feet  of  vapour. 
I  cubic  foot  of  alcohol  =  493.5  „ 

1  cubic  foot  of  ether      =  212.18  „ 

1  cubic  foot  of  spirits)  _    loo  i  ft 

of  turpentine      i  "^         *  »» 

§  192.  It  has  sometimes  been  hastily  concluded,  from 

ess  latent  and  sensible  heat  of  the  vapoiurs  of  alcohol, 

y  and  turpentine,  that  they  might  be  used  advantageously 

aerators  of  mechanical  force,  instead  of  the  steam  of  water; 

D  this  case  their  comparatively  small  expansion  has  been 

ooked«     Their  cost  in  fuel  would  be  proportionate  to  the 

theat  of  equal  volumes. 

Latent  Heat 

L  cubic  foot  of  water  yields  1700  cubic  ft.      .         .  =  1000° 

L  cubic  foot  of  alcohol  yields  493  cubic  ft.  =  457^ 

Lud  493  cubic  ft.  :  457  :  :  1700     :     .  .         .        1575° 

L  cubic  foot  of  ether  yields  212  cubic  ft.  r=  312° 

Lud  212     :     312  1700    :     •         .         .       2500° 

L  cubic  foot  of  spirits  of  turpentine  yields 

192  cubic  ft  .         .         .         .      =  183° 

And  192  :  183  :  :  1700      :     .         .         .        1620° 

hat  if  alcohol,  ether,  and  spirits  of  turpentine  could  be 
ured  for  nothing,  it  still  would  be  much  cheaper  to  employ 
r  for  the  generation  of  steam  for  the  purpose  of  obtaining 
lanical  power. 

§  193.  A  remarkable  fiact  has  been  observed  respecting 
n  of  great  elasticity,  viz.,  that  when  suffered  to  escape  sud- 
y  from  a  cock  or  small  aperture  in  the  boiler,  the  hand  may 

l2 
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be  held  close  to  the  orifice  from  which  it  is  rushing  violently, 
without  being  scalded  by  it^  though  common  experience  has 
taught  most  persons  that  steam  of  ordinary  density  scalds 
severely  under  similar  circumstances.  A  part  of  this  dixm- 
nution  of  temperature  may  be  owing  to  the  sudden  expansion 
which  the  steam  undergoes  when  released  from  confinement, 
and  which  probably  absorbs  a  portion  of  the  heat  evolved 
during  its  return  to  the  liquid  state;  but  its  chief  cause  is  its 
sudden  and  forcible  mixture  with  cold  air  at  its  first  rush.  A 
large  quantity  of  air  is  thus  violently  drawn  along  with  it  in  its 
course.  Dr.  Young  long  ago  proved  that  a  stream  of  air,  or 
vapour^  or  smoke,  issuing  gradually  into  the  atmosphere,  pene- 
trates further  in  an  unbroken  column  than  a  stream  issuing 
with  violence;  in  the  latter  case  the  elastic  fluids  become  imme- 
diately mixed,  from  the  violent  action  and  reaction  which  takes 
place. 

The  working  of  the  steam-engine  depends  upon  the  elastic 
force  of  steam^  communicated  by  heat,  and  the  instantaneous 
annihilation  of  that  force  by  cold.  The  first  principles  of  this 
machine  are  prettily  illustrated  by  the  simple  apparatus  of 
Dr.  WoUaston,  which  we  have  already  described  (§  66), 

§  194.  Vapour,  however,  is  not  only  formed  from  liquids 
at  their  boiling-points  under  the  pressure  of  the  air,  and  at 
lower  temperatures  when  that  pressure  is  lessened  or  removed, 
but  is  constantly  rising  from  their  surfaces  in  the  progress  of 
spontaneous  evaporation.  Common  experience  has  taught  every 
one  that  water  evaporates  into  the  atmosphere  at  aU  tempe- 
ratures, however  low,  and  the  same  process  takes  place  with 
other  liquids.  Dr.  Faraday  has,  indeed,  shown  that  vapour 
rises  from  mercury  at  common  temperatures  at  least  from  6<f 
upwards,  although  its  elasticity  is  so  very  low,  aa  not  sensibly 
to  depress  the  height  of  the  mercurial  column  in  the  barometer. 
He  placed  some  quicksilver  in  the  bottom  of  a  glass  phial,  to 
the  stopper  of  which  he  attached  a  piece  of  gold-leaf  wfaidi 
speedily  became  white,  from  the  amalgamation  of  the  gold  with 
the  vapour  which  rose.  If  five  barometers  be  prepared  for  die 
purpose,  and  a  little  water  be  thrown  up  into  the  air-free  space 
of  the  first,  a  little  alcohol  in  the  second,  ether  into  the  third, 
and  sidphuret  of  carbon  into  the  fourth,  each  column  will  be 
depressed  by  the  elastic  force  of  the  vapour  of  each  liquid  at  the 
existing  temperature  of  the  air;  and  the  amount  of  the  dqpres- 
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sion  may  lie  determined  by  comparison  with  the  column  of  the 
fifth  barometer^  into  the  vacuum  of  which  no  liquid  has  been 
introduced.  The  tension  of  the  vapours  increases  ^iith  the 
temperature^  provided  the  whole  space  in  which  they  are  dif- 
fused be  heated  to  an  equal  degree;  but  by  heating  the  liquids^ 
by  the  warmth  of  the  hand  or  otherwise,  they  may  be  made  to 
boil,  without  increasing  the  elasticity  of  the  vapours,  which  are 
condensed  as  soon  as  formed.  The  following  table  exhibits 
the  force  and  the  weight  of  a  cubic  foot  of  steam  at  different 
temperatures : — 

Table  XXV.     Of  the  Force  and  Weight  of  Steam  at  different 

Temperatures. 


1 

Temperatures. 

Inches  of  Mercury. 

Weight  of  Cubic  Foot. 

32° 

40 

50 

60 

70 

80 

90 

212 

0.216 
0.280 
0.400 
0.560 

0.770 

1.060 
1.430 

Grains. 

2.53 
3.23 
4.53 
6.22 
8.39 
11.33 
15.00 

30.000 

257.218 

Liquids  thus  lose  their  cohesion  but  retain  their  gravity;  as 
may  be  shown  by  the  vapour  of  ether,  which  will  rise  from  the 
bottom  of  a  jar  which  contains  the  liquid,  but  immediately  fall 
to  the  ground  as  it  overflows. 

§  195.  Evaporation  to  the  same  degree  takes  place 
uider  the  pressure  of  the  atmosphere,  but  is  entirely  confined  to 
die  soi&oe  of  the  liquid,  and  is  therefore  proportional  to  the 
m&oe:  if  the  snrbce  of  water  be  covered  with  oil,  its  evapor- 
itkA  is  altogetlier  stopped.  In  some  places  on  the  south  coast 
of  BwglmTMlj  as  in  the  Isle  of  Wight,  sea-salt  is  obtained  by 
dbwing  aea-waler  to  evaporate  spontaneously  in  large  tanks; 
Ae  psoeess  is  afterwards  completed  by  boiling  down  the  brine 
vhidi  lias  dnis  been  concentrated.    In  parts  of  Grermany  the 

is  carried  on  with  saline  springs;  but  the  evapoi^ 
is  laigdy  increased  by  pumping  up  the  water  to  a 
■nd  tlicn  suffering  it  to  percolate  through  immense 


150 


RATE  OF  EVAPORATION. 


stacks  of  brush-wood  fagots.  Evaporation  does  not  proceed 
so  rapidly  when  the  air  is  still  as  when  it  is  agitated  by  a  brisk 
wind;  and  the  more  rapid  the  current  of  air  the  more  rapidly, 
cateria  paribus,  does  the  water  disappear.  When  the  air  is 
calm,  the  vapour  as  it  forms,  rises  perpendicularly  but  rests 
upon  the  surface  of  the  water;  and  it  is.  the  pressure  of  its  own 
vapour  upon  the  surface  of  a  liquid,  and  not  die  pressure  of 
the  gaseous  atmosphere,  which  puts  a  stop  to  the  process  of 
diffusion. 


§  196.  The  rate  of  evaporaticm  increases  also  with  the 
temperature,  and  the  elastic  force  of  the  vapour  given  off, 
increases  in  a  geometrical  progression  with  equal  increments  of 
sensible  heat.  Tlie  following  is  a  Table  of  the  force  of  vap*jur 
at  different  temperatures,  and  the  rate  of  e>*aporation  per 
minute  from  a  circular  surface  six  inches  in  diameter,  accorduig 
to  the  experiments  of  Dr.  Dalton: — 

Table  XXVI.     Of  the  Force  of  Vapour  and  Rate  of 

Evaporation  per  Minute. 


Temp,  Fahr. 

Force. 

Calm. 

Breeze. 

HighWind. 

Int.  of  Moro. 

Gra. 

Gra. 

Gis. 

212^ 

30.000 

120.00 

154.00 

189.00 

85 

1.235 

4.92 

6.49 

8.04 

75 

0.906 

3.(55 

4.68 

5.72 

e5 

OOi-iy 

2.62 

3.37 

4.12 

55 

0.470 

1.90 

2.43 

2.98 

45 

0.340 

1.36 

1.75 

2.13 

35 

0.240 

0.95 

1.22 

1.49 

25 

0.170 

0.67 

0.86 

1.05 

These  amounts  of  evaporation  are,  however,  only  maintained 
when  the  incumbent  air  is  perfectly  dry;  when  no  vapour  pre- 
exists in  it.  If  vapour  be  already  present,  as  is  always  the  case 
in  the  atmosphere  of  this  climate,  the  quantity  capable  of 
evaporating  at  any  given  temperature  will  be  the  quantity  indi- 
cated in  the  table^  diminished  by  tlie  quantity  already  incum- 
bent upon  the  water. 

From  some  experiments  which  were  made  by  the  author* 
with  great  care,  it  appears  that  in  air  in  a  confined  space  kept 
perfectly  dry  by  a  surfiEu^e  of  sulphuric  acid,  the  evapontion  ii 

*  Mftearvkgiml  Etm^^  Sud  £d.,  p.  482. 
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very  considerably  leas  than  that  represented  in  the  above  table^ 
and  for  the  temperature  of  45^  does  not  exceed  0.203  grains  per 
minute  from  a  surface  of  six  inches  in  diameter.  This  is 
equivalent  to  the  following  progression  for  different  temperatures. 


Table  XXVII.     ( 

9/*  Evaporation  in 

Dry  Air  in  a  Cc 

Space. 

Tempentiire. 

Inchefl  of  Mercury. 

Grs. 

85 

1.235 

0.737 

75 

0.906 

0.541 

(i5 

0.657 

0.392 

55 

0.476 

0.284 

45 

0.340 

0.203 

35 

0.240 

0.057 

25 

0.170 

0.040 

The  difference  is  doubtless  owing  to  tlie  convective  power 
of  the  air^  which  is  not  only  exerted  when  its  motions  constitute 
wind^  as  seen  in  Dr.  Dalton^s  table,  but  also  in  that  kind  of 
insensible  circulation  which  is  always  established  when  its 
specific  gravity  is  affected^  and  which  is  almost  annihilated  in 
the  confined  space  of  an  air  jar. 

The  amount  of  evaporation  is  also  inversely  proportional  to 
the  pressure  of  the  atmosphere  in  which  the  process  is  carried 
on,  as  may  be  concluded  from  the  following  table  of  results 
obtained  in  the  same  series  of  experiments.  The  evaporating 
varbce  was  a  circular  surface  of  2.7  inches  diameter,  and  the 
time  of  each  experiment  half  an  hour. 


Tabu  XXVIII.     Table  of  Evaporation  at  difi 

erent  Presi 

FkvMm. 

Oimina. 

Preasare. 

Groioa 

Ibl 

Int. 

30.4 

1.24 

1.9 

15.92 

15.9 

3^7 

0.95 

29,a3 

7.« 

5.6B 

0.47 

50.74 

&B 

9.12 

0.07 

112.22 

i  197*  yariom  instruments  have  been  invented  for 
the  qaantity  of  vapour  existing  at  any  time  in  the 
iteomheie;  or  its  relative  degrees  of  dampness  and  dryness: 
fktf  imrn  been  denominated  hygrosoopes  and  hygrometers. 
Ifan^f  tfafipWf  ee  abeady  noticed  (§  88)^  are  founded  upon  the 
innrtriilndi  eertein  mibstaiicea  posaesa  of  imbibing  vapour 
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under  the  force  of  heterogeneous  adhesion^  and  having  their 
dimensions  thereby  altered.  Upon  the  most  celebrated  of  these, 
that  of  De  Saussure  (fig.  23)^  an  enormous  amount  of  labour  his 
been  bestowed  both  by  its  inventor  and  by  M.  Gay  Lussac,  to 
render  the  observations  vnth  it  comparable  like  the  degrees  of 
the  thermometer^  and  to  calculate  the  real  amount  of  moisture 
which  the  equal  degrees  indicate.  But  it  is  liable  to  con- 
siderable uncertainty  in  its  construction^  and  infallibly  1>ecoxnes 
deteriorated  by  time;  its  use  has  been  discontinued  except  at 
the  Paris  Observatory,  and  more  certain  means  have  been  sub- 
stituted for  measuring  the  hygrometric  state  of  the  atmosphere. 

M.  Le  Roi,  and  afterwards  Dr.  Dalton,  adopted  a  very 
simple  and  accurate  method  of  determining  the  elastic  force  of 
vapour  at  any  time  existing  in  the  air.  It  is  founded  upon  the 
well-kno\ni  property  that  the  moisture  of  the  atmosphere  will 
condense  itself  upon  the  surface  of  a  colder  body  in  contact 
with  it. 

When  a  bottle  of  wine  is  l^rought  from  a  cool  cellar,  or  a 
glass  on  a  simimer's  day  is  filled  with  water  fresh  drawn  from 
a  deep  well,  it  becomes  dewed  upon  the  surface.     By  pouring 
such  cool  water  into  another  glass,  then  carefully  drying  the 
surface  of  the  first,  and  returning  it,  and  repeating  the  operation 
as  often  as  may  be  necessary,  the  water  becomes  slowly  niinner, 
and  Dr.  Dalton  carefully  marked  Mith  a  delicate  thermometer 
the  temperature  at  which  the  dew  just  ceased  to  form,  and  diis 
he  appropriately  denominated  the  detv^oint.     It  is  in  fact  the 
temperature  of  water  which  would  yield  vapour  of  the  precise 
elasticity  of  that  upon  which  the  observation  is  made;  and  all 
the  relations  of  such  vapour  being  known,  the  observation  is 
applicable,  with    certainty,  to    the    determination    of    every 
question  that  can  be  proposed  concerning  it.     Even  in  winter- 
time, or  in  very  dry  situations,  a  sufficient  reduction  of  tempe- 
rature may  be  produced  in  the  liquid  by  the  frigorific  effects 
of  the  solution  of  salt^,  to  produce  die  effect  of  precipitation. 
The  observation  is  rendered  more  precise  by  using  sm^  bri|^t 
metallic  vessels,  upon  the  cool  surface  of  which  the  dew  ia  most 
visible. 

§  198.  To  facilitate  the  observation  of  the  dew-point  the 
author  some  years  ago,  contrived  a  hygrometer  which  has  been 
extensively  used  in  every  part  of  the  globe  with  certainty  and 
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kdvanta^^e"^.      It  consists  of  t\i'o  small  glass  bulbs,  connected 
together   by  a  glass  tube,   bent  ti^'ice   at  right  angles  in   the 
manner  of  the  cryophorus  (fig.  42).     A  very  delicate  thermo- 
meter is  inclosed  in  one  bulb,  which  being  filled  with  ether, 
is  heated  till  the  vapour  issues  with  full  force  from  an  aperture 
in  the  other^  which  is  then  hermetically  closed.     If  the  opera- 
tion has  been  well  performed,  upon  taking  the  bulb  which 
contains   the  liquid  in  the  hand,  after  it  has  cooled  to  the 
temperature  of  the  surrounding  air,  it  will  boil,  i .  e.,  vapour  will 
be  abundantly  generated  by  the  heat  of  the  hand,  which  will  be 
simultaneously  condensed  in  the  other  cool  bulb.    The  empty 
bulb  is  then  to  be  covered  with  a  piece  of  fine  muslin,  and 
when  ether  is  dropped  upon  it,  the  volatile  liquid  will  evaporate 
and  cool   the  covered  bulb.     This  exterior  evaporation  wiU 
cause  condensation  of  the  internal  vapour,  and  a  partial  vacuum ; 
and  the  ether  included  in  the  further  bulb  will  immediately 
be^n  to  evaporate,  and  cool  its  exterior  surface.    The  fall  of 
the  interior  thermometer  will  mark  the  degree  of  the  falling 
temperature^  which  must  be  noted  as  the  dew-point  at  the 
moment  that  a  slight  ring  of  dew,  just  coincident  with   the 
surface  of  the  liquid,  forms  upon  the  glass  (45).   The  temperature 
will  still  continue  to  fall  some  degrees,  but  a  confirmation  of  tlie 
observation  may  be  obtained  by  observing  the  thermometer 


(45)  The  two  thin  glass  bulbs, 
A  md  6,  are  connected  together  by 
the  bent  tube,  c.  The  arm,  b  c, 
coBtains  the  small  thermometer,  </, 
whote  elongated  bulb  descends  be- 
low the  suT&ce  of  the  ether  in  the 
buIb^A. 

Thfl  bulb,  a,  is  covered  with  a 
pees  of  muslin.  The  stand,  g  A,  is 
of  bns%  and  the  transverse  socket, 
i^  is  made  to  hold  the  glass  tube  in 
tte  ■»a««Mw  of  a  spring.  A  small 
dMcmoneter,  k^  is  inserted  into  the 
|ilkr  of  dM  stend  for  the  purpose 
tf  eoflmiing  the  temperatnze  of  the 
jgfwWi  Ibftt  of  the  Afiw-pmnt. 


*  DaviKu'i  MtUvnkffiemi  EMaajft,  p.  130. 
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when  it  again  begins  to  rise^  and  noting  the  degree  at  which  the 
ring  of  dew  again  disappears.  The  two  observations  seldom 
differ  more  than  a  degree  or  two,  and  the  mean  may  be  depended 
upon  as  accurate:  for  tlie  errors^  if  any^  must  lie  in  opposite 
directions. 

§  199.  By  means  of  the  dew-point  accurately  ascertained, 
many  points  of  the  utmost  interest  to  chemical  and  meteorolo* 
gical  science  may  be  determined. 

By  mere  inspection  of  tables  properly  constructed,  we  can 
at  once  determine  the  elasticity  and  density  of  the  aqueous 
vapour — its  weight  in  a  cubic  foot  of  the  air — the  degree  of 
dryness  either  upon  the  thermometric  or  the  hygrometric  scale, 
and  the  rate  of  evaporation:  when  the  air  is  saturated^  the 
precipitation  is  instantaneous,  t.  e.,  the  dew-point  coincides 
with  the  temperature  of  the  air.  In  this  country,  the  degree  of 
dryness  measured  in  thermometric  degrees  seldom  reaches  30^, 
that  is  to  say,  the  dew-point  is  seldom  30^  below  the  tempe- 
rature of  the  air,  but  in  the  Deccan,  with  a  temperature  of  90°, 
the  dew-point  has  been  seen  as  low  as  29^,  making  the  degree 
of  dryness  61°. 

The  more  accurate  mode,  however,  of  expressing  the  moistore 
of  the  air  from  an  observation  of  the  temperature  and  dew-point, 
is  by  the  quotient  of  the  division  of  the  elasticity  of  vapour  at 
the  real  atmospheric  temperature,  by  the  elasticity  at  the  tem- 
perature of  the  dew-point:  for,  calling  the  term  of  saturation 
1000,  as  the  elasticity  of  vapour  at  the  temperature  of  the  air  is 
to  the  elasticity  of  vapour  at  the  temperature  of  the  dew-poin^ 
so  is  the  term  of  saturation  to  the  observed  degree  of  moisture. 
Thus,  with  regard  to  the  observation  in  the  Deccan, 

Force  at  90°    Force  at  29® 
1.430      :      0.194      ::      1000      :      135. 

The  fourth  term  is  the  degree  of  moisture  on  the  hygrometric 
scale. 

§  200.  There  is  another  method  of  estimating  the  oppo- 
site states  of  dryness  and  moisture,  and  that  is  by  measuring  the 
degree  of  cold  produced  by  evaporation.  Water  does  not  evapo- 
rate at  all  when  the  air  is  saturated  with  moisture^  t.e.j  when 
the  incumbent  steam  is  of  the  full  force  of  that  which  is  due  to 
the  temperature;  and  the  freedom  with  which  the  prooeH 
proceeds  at  other  times  is  in  proportion  to  tlie  diyneas  of  the 
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air,  tliat  is  to  say,  to  the  difference  of  the  force  of  the  existing 
TspciuT  and  tliat  which  might  exist  at  the  temperature  of  tiie 
ur.  Dr.  Hutton  was  the  first  to  propose  the  observation  of 
tlie  depression  of  temperature  caused  hy  wetting  the  bulb  of  a 
themioineter  aa  a  measure  of  the  rate  of  e^'aporation,  and 
consequently  of  dryness.  Sir  John  Leslie  afterwards  adapted  a 
differential  thermometer  to  the  purpose:  his  hygrometer  con- 
sisted of  a  delicate  air  thermometer,  one  of  the  bulbs  of  whicli 
was  covered  with  mushn  and  was  kept  continually  wet  bj'  the 
dropping  of  water  from  a  vessel  by  its  side.  A  scale  was 
adapted  to  it,  to  divide  the  space  which  the  liquid  was  depressed 
by  extreme  dryness,  into  KKM)  equal  parts. 

These  degrees  are  arbitrary,  and  the  depression  is  more 
simply  expressed  in  degrees  and  fractions  of  a  degree  of  the 
thermumetric  scale,  and  there  are  many  adajttations  of  the 
thermometer  for  focilitatiiig  the  obser\'ation.  The  method  is 
decidedly  superior  to  the  hygroscojMs 
already  referred  to,  as  correct  data  may 
probably  be  derived  from  it  for  calculating 
tbe  dew-point  and  the  degrees  of  satura- 
tion; but  it  requires  corrections  from 
calcidation,  for  variations  of  tempera- 
ture, pressure,  &c.,  upon  which  philoso- 
phers and  mathenuticians  are  not  yet 
agreed  (46). 

The  following  formula  of  Dr.  Apjohn 
will  give  approximatively  the  elasticity  of 


(46)  The  most  convenient  appnntus  for 
■aking  this  observation,  is  tbe  contrivance  of 
Dr.  MaMm.  Upon  the  stand  u  is  fixed  un 
B]iri^t  rod  of  brau,^  aupporting  the  wale 
1  i,  in  the  middle  of  which  a  space  is  lefl  to 
noan  a  glass  tube,  a,  formed  on  the  princi- 
ple of  the  Inrd-fbnatnin,  having  on  each  side 
of  it  a  thermometer,  6  6.  The  bulbi  of  these 
ihemomaters  are  covered  with  white  silk,  hut 
lowd  tha  stem  of  one,  n  thread  of  flon-iilk, 
€,  u  attached,  which  teiminate*  in  the  cup  of 
tbafasntaiiif  e;  This  bulb  being  thas  in  con- 
MrigB  with  a  naervoir  of  water,  is  kept  wet 
V  ttfSlury  BtfatMituni;  and  as  orapoiation  is 
wmMtiy  taking  plaice,  iU  temperature  is 
Mtmi  bdow  AaA  of  «bc  «ther  bulb. 
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vapour  at  the  dew-point,  as  derived  from  observation  of  the 
wet-bulb  hygrometer : — 

f    —  f^      "     08    ^   So 

f"  denotes  the  tension  of  steam  at  the  dew-point. 

y*'=  the  tension  of  steam  at  the  observed  temperature  of  the  air. 

</=the  depression  of  the  moist  surface. 

88= a  coefficient  dependent  upon  the  sp.  heat  of  the  air  and  the 
latent  heat  of  the  vapour. 

p=:the  existing  pressure  of  the  air. 

30=  the  mean  pressure. 

§  201.  This  property  with  which  water  has  been  endued, 
of  spontaneous  evaporation  at  all  temperatures,  even  below  its 
freezing-point,  is  one  of  the  most  important  in  the  whole 
economy  of  nature:  for  upon  it  the  growth  of  plants  and  the 
existence  of  all  living  creatures  upon  the  earth  depends.  The 
vapour  thus  rising  continually,  not  merely  from  the  8urfiEu:e  of 
the  sea,  lakes,  and  rivers,  but  also  from  the  land  in  difierent 
states  of  moisture,  is  again  condensed  in  the  upper  regions  of 
the  atmosphere,  and  falls  in  the  state  of  hail,  rain,  or  snow. 
Restored  to  the  liquid  state,  it  penetrates  into  the  strata  of  the 
earth,  and  makes  its  way  out  again  in  springs:  these  collecting 
together  constitute  rivers,  which,  under  tlie  force  of  gravitation, 
descend  to  the  sea,  and  complete  the  grand  process  of  distillation 
and  circulation. 

The  ultimate  processes  of  evaporation  and  condensation 
tend  also  to  that  distribution  of  heat  over  the  globe  which  we 
have  already  noticed  as  so  essential  to  the  well-being  of  the 
organic  creation.  Heat  is  thus  carried  in  its  latent  state  to  the 
upper  regions  of  the  atmosphere,  and  is  there  given  out  in  iti 
free  state  by  the  condensation  of  the  steam;  and  upon  this 
silent  and  never  interrupted  process  mainly  depend  the  fluctu- 
ations of  the  aerial  ocean,  which  tend  so  greatly  to  its  salu- 
brity, and  which  produce  the  observed  variations  of  die 
barometer. 

§  202.  The  cause  of  these  perpetual  oscillations  has  long 
been  a  subject  of  investigation  with  philosophers^  and  many 
erroneous  explanations  have  been  given  of  the  phenomfliUL 
The  problem^  in  all  its  generality^  is  difficult  and  oompliailedy 
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and  may  scarcely,  perhaps,  be  deemed  to  belong  to  the  depart- 
ment of  chemistry.     Without,  however,  going  into  the  details 
which  belong  to  meteorological  science,  it  is  desirable  that  an 
accurate  notion   should  be  formed  of  the  true  cause  of  the 
barometric  changes,  to  which  such  constant  reference  must  be 
made  in  many  of  the  most  important  chemical  operations.     It 
has  already  been   pointed   out   (§    167.)   that,   owing  to  the 
unequal  distribution  of  heat  upon  the  surface  of  the  globe,  and 
the  gradual  decrease  of  temperature  from  the  equator  to  the 
poles,  the  elastic  fluids  of  the  atmosphere  must  perpetually 
circulate  between  the  colder  and  the   hotter  points;   flowing 
from  the  former  to  the  latter  on  the  surface  of  the  earth,  and 
returning  from  the  latter  to  the  former  in  upper  opposite  currents. 
Now  it  is  clear  that,  if  such  be  the  fact,  the  barometer  weighs 
the  pressiure  of  these  two  combined  currents  at  any  given  point; 
and  so  long  as  they  balance  one  another,  that  is  to  say,  so  long 
as  an  equal  quantity  of  air  is  brought  by  one  stream  to  the  base 
of  the  perpendicular  column,  to  that  which  is  carried  ofi*  by  the 
opposite  from  its  summit,  so  long  will  their  combined  pressure 
be  unchanged.     But  should  any  cause,  partially  acting,  check 
the  course  of  one,  without  at  the  same  time  impeding  that  of 
the  other,  the  balance  will  be  destroyed,  and  the  barometer,  by 
its  rise  or  fall,  will  mark  the  amount  of  the  disturbance.    Owing 
to  various  causes,  but  chiefly  to  the  unequal  distribution  of  water 
and  land,  the  course  of  the  winds  is  by  no  means  so  regular  as 
assumed  above,  but  this  grand  system  of  compensating  currents 
certainly  results,  although  masked  by  circumstances   in  par- 
ticular r^ons;   most  of  these,  however,  give  rise  to   minor 
lystems  of  compensating  currents,  to  which,  as  concerns  the 
barometer,  the  same  remarks  will  apply.     Any  one,   indeed, 
may  convince  himself  that  such  systems  prevail  in  the  atmo- 
sphere, by  watching  the  progress  of  the  clouds;  and  in  this  way 
he  will  often  be  able  to  detect  more  than  two  such  currents 
existing  together.     Now,  while  he  is  observing  their  courses, 
let  him  for  a  moment  suppose  that  the  barometer  is  perfectly 
stationary,  and  then  let  him  imagine  one  of  the  streams  of  air 
before  hhn  suddenly  checked;  the  others  will  continue  to  flow 
on  for  a  time  in  their  primary  direction  from  their  momentum, 
and  in  obedience  to  their  original  impulse,  and  the  barometer,  he 
will  conceive,  must  faH,  because  more  air  is  carried  off"  above  it 
than  is  compensated  by  the  current  which  originally  mairitained 
the  balance;  and  as  a  deficiency  may  be  thus  produced  in  one 
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part  of  the  atmosphere,  an  equivalent  accumulation  must  at  the 
same  time  result  in  some  other  part  (47). 

A  cause,  quite  competent  to  produce  these  partial  effects, 
exists  in  the  atmosphere  of  steam  mingled  with  the  atmosphere 
of  permanent  gases,  and  which  is  constantly  rising  from  the 
surface  of  the  earth,  varying  in  force  nidth  the  temperature  of  the 
waters  from  whidi  it  emanates.  Tliis  vapour  rises  unchanged 
and  transparent  till,  in  the  gradually  decreasing  temperature  of 
the  air,  it  arrives  in  the  upper  regions  at  a  degree  of  cold  by 
which  it  is  condensed,  and  becoming  ^dsible,  assumes  the  form 
of  clouds.  In  the  act  of  condensation,  however,  an  immense 
quantity  of  heat  is  set  free,  which  was  previously  combined 
with  the  steam  in  the  latent  form;  and  this  acting  upon  the 
surrounding  air,  whose  specific  heat  is  small,  expands  it,  and 
gives  an  additional  but  unequal  impulse  to  tlie  current  in  which 
the  process  takes  place.  The  clouds,  again,  are  tliemselves 
subject  to  a  new  evaporation,  and  the  vapour  is  carried  to  still 
higher  regions,  where  another  precipitation  takes  place;  till  at 
length  large  masses  of  the  atmosphere  have  the  natural  pro- 
gression of  their  temperature  changed,  and  their  currents 
altered,  or  perhaps  reversed.  The  increased  temperature  of 
the  air  Ls  accompanied  by  a  great  increase  in  the  force  and 
quantity  of  the  steam,  the  final  precipitation  of  which  takes 
place  in  the  form  of  rain,  and  the  atmosphere  returns  to  its 
mean  state  through  the  influence  of  winds  which  restore  the 


(47)  Let  a  b  c  dy\n  the  annexed  diagram,  represent  two  eorrents 
flowing  in  the  opposite  directions,  indicated  by  the  darts:  a  barometer 
placed  in  the  lower  at  g,  will  support  the  pressure  of  both,  and 
remain  without  oscillating  so  long  as  the  two  currents  remain  un- 
changed. But  if  a  partial  expansion  aflecting  the  upper  current  alone 
should  urge  it  forward  on  its  course  on  one  side,  and  check  it  on  the 
other,  an  accumulation  of  the  nature  of  a  wave  would  take  place  at  A, 
and  a  corresponding  deficiency  at  a,  as  indicated  by  the  carve  a  6,  and 
would  be  accompanied  by  a  rise  of  the  barometer  at  e,  and  a  con^ 

spending  fall  atf. 

b 
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oriefinal  balance.  The  order  of  the  phenomena  corresponds 
with  the  facts  that  the  barometer  is  most  steady  when  die 
weatlier  is  clear^  and  fluctuates  most  with  clouds  and  rain;  and 
also  explains  the  reason  why^  in  the  greater  disturbances  of  the 
aerial  ocean,  local  deficiencies  of  the  elastic  fluid  are  restored  by 
winds  whose  force  is  generally  proportioned  to  the  vacuum 
which  they  supply*.  A  rough  calculation,  founded  upon  pre- 
ceding data,  will  be  sufficient  to  place  the  amount  of  force  thus 
brtiuglit  into  unequal  action  in  a  striking  point  of  view. 

The  latent  heat  of  steam  we  will  take  at  970°:  a  pound  of  steam 
would  therefore  raise  a  pound  of  water  970^-  The  capacity 
of  air  for  heat  compared  with  that  of  water  is  0.2669    :    1. 

The  heat  which  would  raise  one  pound  of  water  1°,  ^\ouId  there- 
fore raise  a  pound  of  air  3°.7- 

One  pound  of  air  is  about  1 1  cubic  feet. 

One  pound  of  steam  would  therefore  raise  3657  cubic  feet  of  air 
10°,  and  cause  it  to  expand  from  32°  to  42°  to  3733  cubic 
feet. 

And  every  pint  of  rain  which  falls  would  indicate  an  equivalent 
expansion. 

§  203.  The  practical  operations  of  chemistry  often  require 
a  correction  to  be  applied  to  the  volume  of  gases  for  moisture, 
as  well  as  for  variations  of  pressure  and  temperature;  for  when 
standing  over  water  they  become  mixed  with  aqueous  vapour  in 
a  proportion  dependent  upon  the  temperature,  and  occupying 
die  same  space  as  when  the  gas  is  absent.  The  elastic  force  of 
die  vaponr  causes  the  gas  to  expand;  but  this  expansion  is  not 
precisely  similar  to  that  occasioned  by  heat:  for  while  it  dilates 
its  balk,  it  adds  its  own  weight  to  the  mixture.  By  reference 
to  tables  founded  upon  calculation  upon  the  force  and  density 
of  steam  at  different  temperatures,  the  amount  of  the  cor- 
rection may  be  easily  ascertained;  or  it  may  be  more  instructive 
to  ralffsilatft  it  from  the  following  data. — 

Suppose  we  fbnnd  100  cubic  inches  of  a  gas  saturated  with 
T^NMBr  properly  corrected  for  the  temperature  of  60°,  and  30 
indies  pvessoie^  to  wei^  34  grains,  and  wished  to  know  the 
equhralflnt  balk  and  weight  of  the  dry  gas.  The  observed 
rdmud  is  partly  doe  to  the  expansion  occasioned  by  the 
vipoBr;  It— ^  Ail  portion  will  be  in  the  same  proportion  to  the 
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whole  as  the  eksticity  of  the  vapour  is  to  the  total  elasticity: 
therefore, 

Blast,  of        Elnst.  of 
Air.  Vapour.         Cub.  In.      Cub.  In. 

30.000     :     0.560     :  :     100     :     1.86; 

the  volume  of  the  dry  gas  is,  therefore. 

Cub.  In. 
100-1.86=98.14. 

Now  this  expansion  of  1.86  cubic  inches  may  be  regarded  as  so 
much  vapour  of  the  same  elasticity  as  the  air  diffused  throu^i 
the  whole  space,  and  as  the  specific  gravity  of  such  steam  at 
212°  compared  to  air  is  0.620  :  1.000; 

Sp.  ^.     Sp.  gr. 
.'    of  Air.    of  Steam.    *  Grs.         Grs. 
thenl    :    0.620    : :    31    :    19.22  (100  cubic  inches  steam,  at  2 12°,) 

Cub.  In.  Grs.  Cub.  In.        Grs. 

and  100     :     19.22     :  :     1.86     :     0.35; 

which  gives  the  weight  of  the  vapour  to  be  deducted  from  tlie 

total  weight:  making  the  weight  of  98.14  cubic  inches  of  tlie 

dry  gas, 

34.-0.35,  or  33.65. 

§  204.  Aerial  fluids  are  commonly  distinguished  into  two 
classes,  viz.,  vapours  and  gases;  but  the  experiments  of  Dr. 
Faraday  have  nearly  annihilated  the  distinction,  and  proved 
that  the  difference  is  one  of  degree  only,  and  not  of  consti- 
tution. In  vapours,  strictly  so  called,  such  as  the  steam  of 
water,  the  latent  heat  is  retained  in  combination  witli  very  Uttle 
force;  for  it  abandons  the  water  when  the  vapour  is  exposed  to 
a  lower  temperature;  but  in  gases,  the  heat  of  composition  is 
retained  very  forcibly,  and  no  diminution  of  temperature  that 
has  ever  been  produced  can  separate  it  from  some  of  them. 
Dr.  Faraday  has,  however,  succeeded  in  reducing  to  a  liquid 
state  many  of  those  substances  which  till  very  recently  were 
considered  as  permanently  elastic  fluids.  His  method  is  to 
generate  them  under  strong  pressure,  by  confining  the  sab- 
stances  from  which  the  gases  are  evolved  in  strong  glass  tabesy 
in  which  their  elasticity  is  allowed  to  increase  till  it  forces  their 
particles  within  the  verge  of  cohesive  attraction,  when  they 
assume  the  form  of  liquids.  This  operation  he  fvuiher  assists 
by  the  application  of  cold  mixtures  to  the  exterior  of  one 
extremity  of  the  tube.  When  thus  produced,  they  continiie 
liquid  while  the  pressure  is  kept  up,  but  on  removing  tlie 
pressure,  instantly  pass  into  the  gaseous  state.    Tlie  aaiiie 
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iiideiisatioii  may  also  be  produced  by  mechanical  force,  and 
<nsiderab1e  quantities  of  carbonic  acid  were  thus  reduced  to  the 
|uid  state  by  Sir  Isambard  Brunei,  with  the  ^-iew  of  applying 
t  expansive  power  as  a  mechanical  agent.  The  cold  generated 
■  the  sudden  evaporation  of  these  liquids  is  so  great  as  actually 
preserve  some  of  the  substances  in  their  liquid  state  under 
e  mere  pressure  of  the  air,  and  carbonic  acid  may  be  even 
3zeti  by  the  cold  produced  by  its  own  spontaneous  evapor- 
ion.  Mir  Isambard  Brunei  vaa  the  first  to  observe  this  fact; 
id  the  loss  of  elastic  force  thus  occasioned  vr&s,  it  is  believed, 
le  cause  of  giving  up  the  attempt  to  construct  a  gas-engine. 

§  203.  More  recently,  some  very  interesting  results  liave 
pen  <ibtained  by  M.  Thilorier,  whose  apparatus  has  been  sim- 
lified  and  improved  by  Mr.  C.  Addams  and  Mr.  Everett  (48). 


(48)  A  and  b  repre- 
sent two  strong  wrought- 
iron  vessels,  the  former 
being  called  the  generator, 
ter  the  receiver; 
they  are  each,  two  feet 
long,'  and  four  inches  in- 
ternal diameter,  and  of 
such  strength  as  to  bear 
a  proof  of  4000  lbs.  upon 
a  square  inch.  The  gene- 
rator A  ia  furnished  with 
an  axis,  a  a,  and  mounted 
upon  a  cast-iron  frame, 
so  as  to  admit  of  being 
swung  backwards  and 
forwards.  At  one  end 
of  each  vessel  is  screwed 
a  peculiar  tbItb,  bo  con- 
structed as  to  prevent 
leakage  in  the  screw-part 
when  the  toItc  is  open. 
The  lower  part  of  the 
mint  iennr  to  wliieh  the  handle  is  attached  is  formed  into  a  cone, 
titSA,  wbm.  BCTawed  down,  diuta  up  the  passage  into  the  venel. 

Xba  fBMntor  u  .rimplj  a  hollow  vessel  within,  but  the  receim 
m  i  llwMllir  ^p^  1  T,  open  at  both  ends,  inserted  into  the  Talv»- 
llJl^^HiA  dMondl^  iwvly  to  the  bottom.  To  charge  the  genentor, 
^C'-TiXlir,  U  Ob  tnnpanton  of  100°,  an  mixed  with  Sflbs.  of 
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Tlie  liquid  is  now  prepared  upon  a  large  scale^  although  not 
without  risk  on  account  of  the  enormous  increase  of  the  elas- 
ticity of  its  vapour  with  moderate  increments  of  temperature. 
At  32°  its  force  is  about  36  atmospheres^  but  it  rises  to  7^ 
atmospheres  at  86°,  or  more  than  half  an  atmosphere  (0*68)  per 
degree.  WHien  a  portion  of  the  liquid  is  forced  into  the  atmo- 
sphere it  evaporates  with  such  rapidity  that  a  portion  is  imme- 
diately frozen  into  a  snow-Uke  solid,  affording  a  beautiful 
instance  of  the  sudden  and  enonnous  absorption  of  heat  when 
a  liquid  is  thus  made  to  assume  the  gaseous  state. 

A  jet  of  liquid  carbonic  acid  directed  upon  the  bulb  of  a 
spirit  thermometer  w^ill  sink  it  to  130°  Ijelow  0:  but  it  does  not 
readily  act  as  a  refrigerant  to  other  bodies  because  it  cannot 
easily  be  brought  into  actual  contact  with  them.  Like  the 
liquids  in  the  red-hot  platinum  crucible  already  referred  to 
(§  161),  it  is  surrounded  by  an  atmosphere  of  gaseous  matter, 
whose  low  conducting  power  prevents  the  transinission  of  heat. 
In  consequence  of  this  a  piece  of  the  solid  may  be  placed  upon 
the  tongue  without  injur}';  although  the  metallic  receiver  in 
which  it  is  contained  will  immediately  niise  a  blister  upon  the 
hand  if  placed  in  contact  with  it. 

A  mixture  of  liquid  carbonic  acid  and  ether  is  much  more 
efficacious,  on  accoimt  of  the  facility  with  which  it  wiD  wet 
the  surfaces  of  bodies,  and  when  a  little  mercury  is  placed 
in  a  saucer,  and  covered  by  solid  carbonic  acid,  tlie  addition 
of  a  few  drops  of  ether  forms  a  semi-fluid  mass,  by  contact  with 


bi-carbonate  of  soda,  and  introduced  into  it;  l|lbs.  of  oil  of  Titriol  an 
then  poured  into  a  brass  tube,  which  is  passed  through  the  neck  of 
the  genenitor,  and  placed  upright  in  the  saline  mixture,  as  repreienled 
in  c.  The  val re-plug  is  now  firmly  screwed  to  the  generator,  and  the 
whole  inverted  and  turned  over  and  over,  by  which  the  acid  ii  oon- 
pletely  mixed  with  the  carbonate  of  soda.  The  liquid  carbonic  ■fii' 
being  lighter  than  the  saline  solution,  floats  upon  it  when  the  rtmA  ii 
allowed  to  rest;  a  connexion  is  then  made  between  the  generator  and 
receiver  by  a  strong  union>pipe,  and  the  valves  of  both  veanels  htSatg 
opened,  the  carbonic  acid  passes  by  distillation  into  the  receim; 
which  is  kept  cool  by  ice.  The  valves  arc  then  doied,  the 
separated,  the  contents  of  the  generator  discharged,  and  the 
process  of  chaiging  repeated  many  times. 

Within  the  receiver,  s,  when  charged,  there  ii  liqoid  cailnniio  add 
below,  and  highly-condensed  gas  above  it:  upon  opening  the  rJk^ 
the  pressure  of  the  gas  ibices  the  liquid  up  the  centnl  taba^  t  T« 
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•:h  the  metal  is  immediately  frozen.     Ten  pounds  of  mercury 
'  thus  be  solidified  in  less  than  ten  minutes. 

§  306.  A  gas,  then,  may  be  regarded  as  the  vapour  of  a 
id  whose  elasticity,  at  ordinar}-  atmospheric  temj^eratures,  is 
h,  that  it  is  not  only  equivalent  to  the  pressure  of  the 
inary  atmosphere  but  to  that  of  many  atmospheres;  and 
ich  would  therefore  boil  under  the  pressure  of  many  atmo- 
leres,  and  cannot  consequently  be  preserved  except  under 
ifieial  pressure.  Tlie  pressure  required  to  condense  the 
reral  gases  is  recorded  in  the  following  ta1>le:  — 

Table  XXIX.  -  Lif/uefaction  of  Gasen. 


Pressure 

in 

Tompemtiire, 

Atniosphei 

res. 

Faliri'Jiln'it. 

Sulpliurous  acid     . 

2 

hY 

Chlorine 

4 

m 

Cviinopfcn     . 

4 

VA) 

Amiiioniii     . 

r»\ 

50 

.Sulpliurelted  hydrogen  . 

17' 

50 

Carbonic  acid 

.    .^() 

:^2 

Muriatic  acid 

.     40 

50 

Nitrous  oxide 

.     50 

45 

^fany  gases  have  liithert^>  resisted  the  utmost  degree  of 
mpression  and  cold  to  which  it  has  been  practicable  to  exjiose 
em,  but  from  the  generality  of  the  law,  its  universality  is 
legitimate  deduction;  and  geologists  are  justified  in  specu- 
mg  upon  the  existence  of  the  atmospheric  gases  themselves 
i  state  of  liquidity,  in  the  fathomless  depths  of  the  earth, 
ler  the  enormous  pressures  to  which  they  must  there  be 
9enarily  exposed. 

Some  gases,  however,  though  incoercible,  or  requiring  very 
h  degrees  of  force  to  coerce  them,  by  mechanical  means  and 
if  instsntly  yield  to  the  force  of  heterogeneous  adhesion,  and 
thejr  become  dissolved  in  water,  give  out  their  latent  heat. 
■^  if  a  current  of  muriatic  acid  gas  be  passed  into  water, 
riB  be  rapidly  absorbed,  and  the  temperature  of  the  solution 
I  ibe  oonsideFably  • 

§  807.  We  have  seen  that  water  and  otlier  liquids  gradu- 
l^BBfuid  in  Tolume  with  increase  of  temptsrature,  and  diat, 

M  2 
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on  the  other  hand,  steam  and  other  vapours  rapidly  increase  in 
density,  as  the  pressure  and  temperature,  to  which  they  an 
exposed,  augment;  whence  it  is  clear  that,  at  some  particular 
assignable  pointy  the  liquid  and  elastic  states  must  coincide,  and 
that  there  must  be  a  limit  beyond  which  a  liquid,  notwithstand- 
ing the  pressure,  ouglit  to  be  wholly  volatilized,  or  become 
gaseous,  provided  sufficient  space  be  allowed  for  the  expansion. 
M.  Cagniard  de  la  Tour,  reasoning  upon  the  general  facts,  was 
led  to  miike  some  interesting  experiments  upon  the  subject 
A  strong  glass  tube,  containing  alcohol  equal  in  bulk  to  about 
two-fiftlis  of  its  capacity,  being  hermetically  sealed  and  carefiillr 
heated,  the  alcohol  was  obser\'ed  to  expand,  till  after  having 
attained  nearly  double  its  original  volume,  it  suddenly  disap- 
peared; being  converted  into  vapour  so  transparent,  that  the 
tube  appeared  to  be  completely  empty.  Allowing  it  to  cooL 
the  alcohol  was  again  suddenly  converted  into  the  full  volume 
of  liquid.  When  the  proportion  of  alcohol  to  the  capacity  of 
the  tube  was  increased,  the  consequence  was  the  bursting  of  the 
tube.  Similar  results  were  obtained  with  naphtha  and  ether,  the 
latter  requiring  less  space  than  the  former  for  assimiing  the 
complete  elastic  state,  and  the  naplitha  less  space  than  alcohol 
The  ether  became  gaseous  at  a  temperature  of  320°,  and  exerted 
a  pressure  of  38  atmospheres;  alcohol  at  404 7^,  under  a  pressure 
of  129  atmospheres. 

Upon  trying  the  experiment  with  water,  the  glass  tube  broke 
from  its  solvent  power  at  the  high  temperature:  but  when  this 
action  was  prevented  by  the  addition  of  a  little  carbonate  of 
soda  to  the  liquid,  it  became  gaseous  in  a  space  four  times  iti 
volume  at  the  temperature  at  which  zinc  melts. 

S  208.  We  have  hitherto  considered  heat  as  inseparable 
from  matter^ — differing,  however,  from  other  forces  in  its  slow 
progression  amongst  its  particles, — tending,  indeed,  to  an 
equilibriimi,  but  still  capable  of  existing  in  various  degrees  d 
intensity  in  different  parts  of  the  same  mass.  Differing,  agaiiii 
in  the  latent  and  apparently  inactive  state  in  which  it  becomei 
stored  iqp  in  various  forms  and  kinds  of  matter,  and  from 
which,  though  temporarily  lost  to  our  sensation  and  to  our 
instruments,  it  may  be  again  set  free  in  full  meaiure  and 
proportion. 

We  hare  now  to  contemplate  this  subtle  agen^  detadiing 


RADIATION  OF  HEAT.  165 

itself  from  matter^  and  projecting  itself  through  space  and 
through  various  kinds  of  matter,  witli  a  velocity  almost  incon- 
ceivable. 

We  recognise  heat  in  this  wonderful  state  from  the  effects 
of  a  fire,  or  a  heated  body,  at  a  distance.  The  warmth  which 
we  feel,  or  the  expansion  which  we  may  observe  under  such 
circumstances,  cannot  be  communicated  by  any  material  par- 
ticles; for  we  may  so  contrive  the  experiment,  that  the  air,  the 
only  form  of  matter  which  inten^enes,  may  flow  towards  its 
source  instead  of  from  it. 

It  is  also  by  this  new  property  of  radiaiioHy  that  heat  tends 
to  that  state  of  equilibrium  which,  upon  a  former  occasion,  we 
found  to  be  partly  established  by  the  processes  of  conduction 
and  convection. 

But  we  recognise  it  in  greatest  perfection  as  projected  from 
the  sun:  in  which  case  it  is  accompanied,  in  all  its  affections,  by 
another  active  influence  of  a  still  more  marvellous  constitution, 
^hich  we  call  light.  These  two  constant  associates  of  the 
sun-beam  radiate  in.  all  directions  from  the  glorious  centre  of 
our  system,  and  spread  themselves  through  space  with  an 
intensity  decreasing  like  that  of  gravit)^  as  the  squares  of  the 
distance. 

Though  associated  together,  however,  these  radiant  forces 
are  not  inseparable:  and  before  we  proceed  to  investigate  the 
laws  of  radiant  heaty  it  wall  be  most  convenient  to  illustrate 
those  of  light,  with  which  they  are  connected  by  the  strongest 
snalogies.  The  visible  phenomena  of  the  latter  may  thus  be 
made  to  illustrate  some  of  the  invisible  relations  of  the  former.. 

VIII.    LIGHT 

§  209.  The  origin  of  that  impression  upon  our  eyes, 
wbich  excites  in  us  the  sensation  of  light,  is,  like  that  of  heat,  to 
be  traced  to  various  sources.  The  sun  is  the  great  fountain,  not 
onljr  of  heat  as  we  have  already  remarked,  but  of  this  twin 
cniuatkm  from  it  to  the  earth  and  to  all  the  members  of  the 

It  cmaiuites,  alaoj  firom  terrestrial  matter  in  different  states 
of  aeChitjr.  It  is  thrown  off  when  certain  homogeneous  sub- 
BlMiett  Mt  upon  one  another  by  the  mechanical  force  of  friction; 
flsMTiribfln  two  pieces  of  quarts  or  rock-crystal,  or  two  lumps  of 

nibbed  together,  they  emit  flashes  of  light  in  a 
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dark  place.  When  bodies  suddenly  change  their  state  under 
the  force  of  crystallization,  flaslies  of  light  have  been  also 
ol)ser\'ed. 

It  is  generated  in  still  greater  abundance  when  heteroge- 
neous bodies  act  upon  one  another  under  the  force  of  chemical 
affinity;  and  all  the  common  means  of  artificial  illumination  by 
lamps,  candles,  and  gas-lights,  are  dependent  upon  this  action. 

All  solid  bodies,  heated  to  a  temperature  of  about  800^, 
begin  to  shine  in  the  dark;  and  if  a  current  of  air  at  900°,  which 
is  in  itself  non-luminous,  be  made  to  strike  upon  pieces  of  metal, 
earth,  &c.,  it  will  speedily  communicate  to  them  the  power  of 
radiating  light. 

The  passage  of  electricity  excites  it  with  a  degree  of  inten- 
sity, only  surpassed  by  that  of  the  solar  ray :  and  the  processes 
of  life  are  capable  of  evoKang  it,  as  we  see  in  the  glow-worm  and 
the  fire-fly. 

§  210.  Bodies  in  such  state  of  action  are  called  self- 
luminous;  but  by  far  the  greatest  number  possess  no  sacfa 
property  at  ordinary  temperatures.  All  bodies,  however, 
though  not  luminous  in  themselves,  nor  capable  of  exciting  any 
sensation  in  our  eyes,  become  so  on  being  placed  in  the  presence 
of  a  self-luminous  body:  a  process  of  secondary  radiation  com- 
mences from  them.  When  a  lamp,  for  instance,  is  brought 
into  a  dark  room,  not  only  the  lamp  is  visible,  but  all  the  ob- 
jects in  the  room.  A  sunbeam,  again,  admitted  into  a  darkened 
chamber,  will  only  illuminate  objects  directly  in  its  course;  but 
if  any  of  these  be  white,  as  a  sheet  of  jMiper,  the  whole  apart- 
ment will  become  illuminated  by  this  secondary  action  or 
radiation.  We  have  this  fact  illustrated  on  the  most  splendid 
scale  of  nature,  in  the  heavenly  bodies. — The  sun  we  have  juat 
recognised  as  the  great  self-luminous  source  of  tlie  system:  the 
moon  and  planets  possess  no  such  inherent  energy;  but  then 
parts  of  them  on  which  the  sun  shines  become  for  the  time 
luminous,  and  perform  all  the  offices  of  self-luminous  bodies 
Thus  we  perceive  that  tlie  communication  which  we  call  %t^ 
subsists  not  only  beti^-een  luminous  bodies  and  our  eyes,  but 
between  luminous  and  non-luminous  bodies^  or  between  lamiii- 
ous  bodies  and  each  other. 

§  211.  The  investigation  of  the  properties  of  ti^ 
stitutes  the  peculiar  province  of  optics;  one  of  the 
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splendid  and  perfect  departments  of  experimental  science  which 
the  human  mind  has  explored:  it  lies^  however^  almost  wholly 
out  of  our  present  path;  but,  in  its  relation  to  different 
fonns  and  kinds  of  matter,  light  cannot  be  excluded  from  the 
diemist's  contemplation,  and  it  is  absolutely  necessary  that 
he  should  have  some  acquaintance  with  the  laws  which  govern 
its  action* 

The  phenomena  lend  themselves  so  completely  to  mathe- 
matical investigation, — they  have  afforded  such  ample  scope  for 
the  exercise  of  the  most  splendid  talents,  from  the  times  of 
Newton  and  Euler  to  our  own  times  of  Herschel,  Biot,  Airy, 
and  Brewster, — that  it  seems  almost  sacrilege  to  approach  them 
by  any  other  path.  But  still  the  basis  of  this  science,  as  of  all 
other  branches  of  natural  knowledge,  must  be  experiment;  and 
those  who  are  but  moderately  conversant  with  the  powerful 
resources  of  abstract  science  have  it  in  their  power  to  draw 
information  from  this  source,  and  methodise  it  in  such  a  way  as 
may  serve  to  embody  definite,  though  it  may  be  rude,  ideas, 
with  regard  to  this  most  beautiful  of  all  natural  agencies, — ideas 
which  may  be  higldy  useful,  though  they  may  differ  from  the 
pohshed  conceptions  of  such  men  as  those  to  whom  we  have 
just  referred,  much  in  the  same  degree  as  light  itself  differs  from 
die  grosser  forms  of  ponderable  matter. 

$  212.  It  is  not  consistent  with  our  present  design  to 
enter  upon  the  physiological  relations  of  the  subject,  or  to 
describe  the  wonderful  construction  of  the  organ  of  sight;  we 
wiD  only  remark,  that  the  radiant  force  produces  the  sensation 
(rf  light  by  striking  against  the  expanded  nerve  of  vision,  the 
retina  of  the  eye;  and  that  the  effect  produced  is  not  merely 
transient,  but  persistent  during  a  measurable  interval  of  time. 
Hie  eye  has  therefore  the  power  of  retaining  visual  impressions 
or  a  sensible  period  of  time;  and  in  this  way  recurring  actions, 
oade  sufficiently  near  to  each  other,  are  perceptibly  connected, 
nd  made  to  appear  as  a  continued  impression.  Hence  it  is 
hat  the  act  of  winking  with  the  eyelids  forms  no  impediment 
5  correct  vision. 

It  has  been  ascertained  by  experiment  that  the  impression 

hich  the  mind  thus  receives  lasts  for  about  the  eiglith  part  of 

second,  but  varies  to  a  certain  extent  with  the  intensity  of  the 

^t;  so  tliat  any  point  of  light  revolving  with   a  velocity 

ufficient  to  complete  the  circle  within  that  time,  will  not  be 
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seen  as  a  fiery  point,  but  as  a  fiery  circle;  tlie  impression  nuide 
by  it  in  every  part  of  its  revolution,  will  remain  until  it  comes 
round  again  to  the  spot  from  which  it  set  out.  Thus,  if  a 
narrow  slit  be  cut  in  a  circle  of  pasteboard^  from  the  circum- 
ference to  the  centre,  and  it  be  lield  before  the  eye,  and  made 
to  spin  rapidly  upon  its  axis,  objects  will  l)e  seen  through  it  as 
if  it  were  wholly  transparent,  and  only  covered  with  a  thin 
gauze.  Many  familiar  appearances  are  explicable  upon  the 
same  principle,  and,  amongst  others,  the  magical  effects  of  fire- 
works, in  which  revolving  jets  of  flame  produce  the  impression 
of  continuous  wheels  of  fire.  Several  )>cautiful  illustrations 
of  it  have  also  lately  been  contrived  in  the  form  of  toys,  which  are 
well  calculated  to  excite  wonder,  and  it  is  to  be  hoped  a  some- 
what more  rational  curiosit)'^  with  regard  to  their  construction. 

Now  the  mind  almost  necessarily  has  recourse  to  the  idea 
of  a  medium^  by  which  the  phenomena  of  light,  or  of  any  force 
thus  detaching  itself  from  ponderable  matter,  are  propagated 
and  perceived:  just  as  sound  is  propagated  and  perceived  by 
the  medium  of  the  air. 

§  213.  There  are  two  hypotheses  with  regard  to  tie 
nature  of  this  medium  for  light,  which  have  hitherto  divided  the 
opinions  of  philosopliers. 

The  hyi>othesis  oi  emisswn  supi)oses  that  light  consists  of  a 
highly  attenuated  fluid,  the  particles  of  wliich  are  not  affiected 
by  gravity,  but  are  endued  with  a  pn)digious  self-repulsive 
force,  and  are  actually  projected  from  luminous  substances  in 
right  lines,  with  inconceivable  velocity.  We  seem  to  fonn 
some  notion  of  matter  in  such  a  state  when  we  contemplate 
the  direct  rays  of  the  sun.  The  rectilinear  course  of  the  light 
is  shown  by  particles  of  floating  dust,  or  minute  drops  of  water, 
which  are  illuminated  in  its  course,  and  mark  the  uiivaiying 
direction  of  its  progression . 

In  the  hypothesis  of  undulation^  on  the  contrary,  the  whole 
universe,  including  the  interstitial  spaces  of  all  matter,  is  emh 
ceived  to  be  filled  with  a  highly  elastic,  rare  medium,  whidi 
possesses  the  property  of  inertia,  but  not  gravitation,  to  whidi 
the  name  of  ether  has  been  given.  This  medium  is  not  li(^ 
but  light  is  produced  in  it  by  the  excitation  on  the  put  of 
luminous  bodies  of  an  undulatory  motion,  analogous  to  tbe 
waves  of  water,  or  those  vibrationB  of  the  air  which  prodnoe  tto 
impression  of  sound  upon  the  ear. 
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§  214.  And  here  it  is  quite  necessary  to  correct  any 
erroneous  judgment  which  may  have  been  formed  from  careless 
obsenration  of  the  manner  in  which  force  propagates  itself  in 
bodies  which  are  capable  of  this  kind  of  oscillation.  A  wave 
does  not  consist,  as  is  often  hastily  supposed,  of  any  advance  or 
progression  of  the  particles  of  which  it  is  composed  in  the 
lirection  in  which  they  appear  to  run;  the  particles,  it  is  true, 
move,  but  in  a  direction  transverse  to  their  apparent  motion, 
[n  contemplating  the  phenomena  in  a  still  sheet  of  water,  the 
bice  of  a  falling  pebble,  or  the  slightest  brush  of  a  summer's 
insect,  will  be  sufficient  to  excite  a  system  of  waves  spreading 
GroDi  the  impinging  body  as  from  a  centre.  Certain  particles 
are  at  first  forced  dovm,  and  the  surrounding  particles  are  conse- 
({Qently  heaped  up  above  their  level;  their  circular  ridge  sub- 
sides, but  not  only  fills  up  the  original  depression,  but,  from  its 
momentum,  forces  up  another  ridge  exterior  to  it,  and  this,  in 
subsiding,  another,  and  so  on;  and  thus  the  force  is  propagated, 
tnd  advances  from  the  centre  with  a  decreasing  energy. 

Vibrations  are  propagated  through  elastic  bodies  upon 
exactly  the  same  principle;  only  that  it  is  the  force  of  elasticity 
which,  by  its  alternate  action  and  reaction,  produces  the  oscil- 
lating wave,  instead  of  the  momentum  of  the  liquid  particles. 
The  undulation  is  not  a  ridge  of  elevation  but  a  line  of  con- 
densation; and  as  in  water  we  have  alternately  elevated  and 
depressed  lines,  we  have  in  air  lines  alternately  condensed  and 
rarefied. 

The  analogy  between  the  supposed  undulations  of  the  ether, 
which  produce  light,  and  those  of  the  grosser  particles  of  our 
ponderable  atmosphere,  which  produce  sound,  is  so  striking, 
that  the  undiilatory  theory  has  received  some  of  its  happiest 
iDostrations  from  experiments  conducted  by  means  of  the 
measurable  vibrations  of  musical  notes. 

The  direct  propagation  of  light  finds  its  parallel  in  the  pro- 
wgation  of  sound  along  a  solid  elastic  medium.  Professor 
Vheatstone  has  shown,  in  a  most  beautiful  series  of  experi- 
nents,  that  when  a  tuning-fork  (fig.  12)  is  placed  at  one 
ztremity  of  a  long  conducting-rod  of  metal,  glass,  or  wood, 
rhile  the  other  communicates  with  a  sounding-board,  the  sound 
I  heard  as  instantaneously  as  when  it  is  in  immediate  contact 
rith  the  board;  it  immediately  ceases  when  the  rod  is  removed 
nom  the  sounding-board,  or  the  fork  from  the  rod.  The 
ibrations  are  inaudible  in  their  transmission,  and  only  beconae 
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sensible  at  the  point  where  they  are  multiplied  by  meeting  with 
a  sonorous  body  placed  to  receive  them.  All  the  varieties 
of  tune^  quality,  and  audibility,  and  all  the  combinations  of 
harmony,  from  different  musical  instruments,  may  be  thus 
transmitted  unimpaired,  and  again  rendered  audible  by  com- 
munication with  an  appropriate  receiver.  We  must,  however, 
do  no  more  than  indicate  the  existence  of  an  analogy,  the  fall 
development  of  which,  though  eminently  interesting,  would 
lead  us  too  far  from  our  present  purpose. 

§  215.  A  ray  of  light  then  consists,  according  to  the  first 
hypotliesis,  of  a  line  of  particles  projected  from  the  luminous 
body,  and  impinging  upon  the  eye;  according  to  the  second,  of 
a  series  of  undulations  excited  by  the  luminous  body  wliich 
reach  the  eye,  and  produce  the  sensation  of  light  by  corre- 
sponding vibrations  of  the  optic  nerve.  An  assemblage  of  a 
number  of  such  rays,  proceeding  together  in  the  same  direction, 
is  called  a  pencil  of  rays. 

It  may,  however,  be  remarked  tliat,  whatever  hypothesis 
may  be  adopted,  an  alternating  motion  of  some  kind  at  minute 
intervals  along  a  ray  of  light,  is  as  real  as  the  motion  of 
translation,  by  which  light  is  propagated  through  space :  that 
this  alternating  motion  must  have  reference  to  certain  directions 
tranverse  to  that  of  the  ray,  is  equally  established  as  a  con- 
sequence of  phenomena  which  we  are  about  to  examine. 

Having  premised  thus  much  upon  the  hypothetical  views  of 
the  nature  of  light,  we  will  proceed  to  examine  the  phenomena, 
and  the  laws  by  which  they  are  governed,  with  as  little  regard 
to  hypothesis  as  possible;  and  we  shall  generally  speak  of  a  ray 
of  light  as  of  a  radiant  force,  without  reference  to  its  nature 
and  the  mode  of  its  propagation. 

§  216.  Light  requires  time  for  its  propagation;  but  the 
rapidity  witli  which  it  travels  is  so  great  as  to  be  absolutely 
insensible  in  such  distances  as  occur  on  tlie  surface  of  the  earth: 
it  is  only  when  we  direct  our  observations  to  the  cdertial 
bodies,  whose  distances  from  us  are  commensurate  with  ill 
velocity,  that  we  can  appreciate  the  fact.  Astronomy  has 
proved,  by  the  most  unexceptionable  calculations,  that  ita  pro- 
gress is  at  the  rate  of  195^000  miles  in  a  second  of  time— « 
velocity  which  transcends  all  comprehension;  and  it  is  only  by 
reflection,  and  a  comparison  with  more  familiar  phenomeMb 
that  we  can  form  some  conception  of  it. 
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^'  A  cannon-ball  would  require  seventeen  years  at  least  to 
•each  the  sun,  supposing  its  velocity  to  continue  uniform  from 
;he  moment  of  its  discharge;  yet  light  travels  over  the  same 
space  in  seven  minutes  and  a  half.  The  swiftest  bird,  at  its 
atmost  s]>eed,  would  require  nearly  three  weeks  to  make  the 
:our  of  the  earth;  light  performs  the  same  distance  in  much 
[ess  time  than  is  required  for  a  single  stroke  of  its  wing*." 

The  velocity  of  light  is,  however,  changed  when  it  passes 
[rom  one  medium  to  another,  and  in  general  the  denser  the 
medium  the  more  is  its  velocity  diminished. 

$  217-  The  first  relation  of  light  to  ponderable  matter, 
irhich  we  shall  notice,  is,  that  most  bodies  possess  the  property 
of  intercepting  it  in  its  progress,  whilst  a  few  allow  it  to  traverse 
their  substance.  Hence  the  distinction  of  bodies  into  opaque, 
transparent  and  diaphanous.  The  light  of  the  sun,  or  of  a 
lamp,  freely  reaches  us  in  straight  lines,  through  a  plate  of 
glass,  but  is  wholly  excluded  from  our  eye  by  tlie  interposition 
of  a  plate  of  metal. 

It  also  penetrates  through  a  sheet  of  white  paper  or  por- 
celain, but  not  in  straight  lines  parallel  to  its  first  direction, 
but  becomes  broken,  as  it  were,  and  scattered,  and  is  re-radiated 
as  from  a  self-luminous  centre. 

An  opaque  screen  interposed  between  a  luminous  body  and 
A  sheet  of  paper,  or  other  object,  casts  what  is  called  a  shadow 
upon  such  subject,  and  the  shadow  is  similar  in  figure  to  the 
section  of  the  body  which  produces  it;  and  hence  we  learn 
that  the  rays  of  light  are  transmitted  in  straight  lines.  Tlie 
luminous  rays  are  cut  off  by  tlie  body  of  the  screen,  and  1)eing 
prevented  firom  falling  upon  the  object  behind,  the  surface 
esactly  coincident  with  its  boundary  remains  in  a  state  of 
darkness;  but  they  continue  their  course  beyond  its  edge,  and 
lie  the  surrounding  space. 


§  218.  The  law  of  the  decrease  hi  proportion  to  the 
squares  of  the  distances,  may  be  experimentally  proved  by 
means  of  the  shadow  of  an  object;  for  a  board  of  a  foot  square, 
at  ■  certain  distance  from  a  light,  just  shadows  a  board  of  two 
square  at  double  the  distance,  and  the  latter  has  four  times 
moxik  sorfrce  as  the  former;  i.  e.,  the  light  which  is  con- 
iqpon  the  first  board  would  be  diffused  over  four 
the  iqpaoey  if  suffered  to  faU  upon  the  second.   (See  fig.  1.) 

*  Hersch£l's  Discourse, 
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An  accurate  photometer^  or  measure  of  light,  founded  upon 
physical  principles  independent  of  the  judgment  of  the  eye,  is 
still  a  desideratum  of  science.  A  very  simple  method  of 
comparing  two  sources  of  illumination,  was  suggested  by  Count 
Kumford.  They  are  so  arranged  as  that  each  may  cast  a 
shadow  of  some  object,  as  a  stick,  upon  a  plain  white  surface; 
the  eye  can  then  form  a  tolerable  judgment  of  the  relative 
darkness  of  these  shadows.  The  brighter  light,  which  casts  the 
deepest  shadow,  is  then  to  be  removed,  or  the  weaker  to  be 
approached,  till  the  two  are  equalized,  and  the  distances  of  the 
two  lights  from  the  screen  being  measured,  the  relative  intensity 
of  the  lights  will  be  as  tlie  squares  of  the  distances.  In  this 
case  the  shadow  of  one  light  is  illuminated  solely  by  the  rap  of 
the  other,  while  the  surrounding  space  is  illuminated  by  the 
rays  of  both ;  when  the  shadows,  therefore,  are  equal,  the  lights 
are  equal.  Tlie  eye,  however,  is  not  much  more  to  be  depended 
upon  for  an  estimate  of  light  than  the  hand  is  for  the  weight  of 
an  object  presented  to  it,  particularly  when  any  difference  of 
colour  may  tend  to  perplex  the  judgment. 

Professor  Wheatstone  has  lately  constructed  a  photometer 
(19)  far  exceeding  in  accuracy  and  convenience  any  which  has 
as  yet  been  contrived,  which  is  founded  upon  the  physiological 


(49)  A  B  c  is  a  circle  of  bran 
fixed  to  the  wooden  frame  d  b  P; 
the  inside  of  its  circumference  ii 
studded  with  teeth,  a  6  c  is  a 
smaller  circle  furnished  i^-ith  teeth 
on  the  outside  locked  into  the 
teeth  of  the  larger,  the  diameter  of 
which  is  exactly  half  the  diameter 
of  the  larger.  It  turns  upon  its 
centre  d  fixed  to-  the  arm  b  d^ 
which  is  its  own  radius  and  moye- 
able  upon  the  centre  6  of  the  laige 
circle  by  a  key  on  the  opposite 
side  of  the  frame.  A  bright  n^ 
tallic  bead  fi%  fixed  upon  the  ci^ 
cumference  of  the  small  cixde;  as 
the  small  circle  is  carried  round  by  the  arm  b  din  its  rotation  by  die 
key,  it  also  turns  rapidly  upon  its  centre  </,  and  the  beady  trarris 
along  the  diameter  of  the  large  circle  from  y*  to  b  in  completing  one- 
half  of  its  revolution,  and  back  again  from  b  to  /*  during  Uie  oAer 
half. 


_  A«pJ 


PHOTOMETRY.  173 

>rinci])le  to  which  we  have  already  referred,  of  the  permanence 
»f  the  impression  of  light  upon  the  optic  nerve  (§  212).  If  a 
unall  convex  reflector,  such  as  a  bead  of  glass  about  one-eighth 
jf  an  inch  in  diameter  silvered  on  the  inside,  be  placed  between 
iro  lights,  bright  images  of  both  will  be  formed,  but  differing  in 
srightness  according  to  the  intensity  of  each.  A  rough  estimate 
jS  their  relative  values  may  be  obtained  by  adjusting  the  dis- 
tances between  the  two;  but  by  causing  the  hetid  to  move  back- 
irards  and  forwards  in  a  straight  line  two  parallel  lines  of  light 
rill  be  formed  instead  of  two  spots  about  -j^th  inch  apart.  By 
moving  the  reflector  to  different  parts  of  the  line  which  joins 
the  two  lights,  or  by  changing  the  relative  distances  of  the  lights 
themselves,  these  two  luminous  lines  may  be  made  to  appear 
perfectly  equal  in  brightness.  The  comparative  value  of  the 
lights  may  then  be  ascertained  by  squaring  the  distances.  The 
accuracy  of  this  method  is  such,  that  the  difference  of  an  inch 
or  two  in  many  feet  is  easily  ascertained.  Tlie  instrument 
is  represented  below  of  its  full  dimensions. 

§  219.  When  a  pencil  of  light  traverses  space,  or  a 
perfectly  homogeneous  medium,  its  course  is  rectilinear,  and  its 
velocity  uniform;  but  when  it  encounters  an  obstacle  or  a 
different  medium,  it  undergoes  certain  modifications,  of  the 
nature  of  which  we  must  endeavour  to  form  some  distinct 
notions. 

It  separates  itself  into  several  portions  which  pursue  dif- 
ferent courses^  and  are  otherwise  differently  modified.  One  of 
these  portions  is  regularly  reflected  or  turned  aside,  and  after 
reflexion  pursues  a  course  wholly  exterior  to  the  obstacle  or 
new  medium;  a  second  portion  penetrates  the  medium,  and  is 
more  or  less  reacted  or  bent  out  of  its  original  direction ;  a 
third  portion  is  absorbed  or  lost;  and  a  fourth  portion  is  repelled 
from  the  surface,  and  radiates  itself  in  all  directions. 

\  220.  The  primary  law  of  reflection  is,  that  the  incident 
ttid  raflected  rays,  which  are  always  in  the  same  plane,  form 
cqnsl  wa/jbtM  wiUi  a  perpendicular  to  the  surface  at  the  point 
of  incidenee.  It  is  generally  thus  enunciated, — the  angle  of 
is  equal  to  the  angle  of  incidence.  It  is  thus  that  the 
avB  Ibniifid  in  a  looking-glass;  and  as  we  always  see 
btyMli  in  die  cBracCion  in  which  the  ray  of  light  arrives  at  the 
«}%  W9  JQ^B  die  image  to  be  as  much  behind  the  mirror  as 
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the  object  is  before  it  (50).  This  is  the  same  law  which  governs 
tlie  collision  of  matter  moving  under  the  influence  of  mechanical 
force;  whether  that  motion  be  of  a  solid^  direct  in  space^  or  of  a 
liquid  propagated  by  waves. 

If  we  admit  a  small  sunbeam  into  a  darkened  chamber,  and 
receive  it  on  a  plane  polished  surface  of  glass  or  metal,  we  may 
easily  convince  ourselves  of  the  fact  by  the  measurement  of  the 
angles.  Moreover,  to  see  the  image  of  any  object  by  reflection, 
it  is  necessary  to  place  the  eye  in  a  situation  to  receive  the  rays 
which  proceed  from  the  object  at  the  same  angle  at  which  they 
originally  strike  the  observer. 

The  greater  the  angle  of  incidence,  the  more  light  is  reflected 
from  all  substances,  except  the  metals,  which  reflect  the  greatest 
quantity  of  light  at  small  angles.  Even  the  rough  surfiace  of  a 
plaster  of  Paris  cast,  or  a  sheet  of  hot-pressed  writing  paper, 
will  afford  a  very  perfect  image  of  an  object  at  a  very  large 
angle. 

§  221.  All  known  substances,  not  excepting  air,  the 
most  diaphanous  of  all,  reflect  some  portion  of  light,  and  it  is 
calculated  that  a  person  plunged  150  feet  in  the  clearest  sea, 
would  find  the  light  of  the  sun  no  more  than  the  light  of  the 
moon;  and  if  we  look  at  a  luminous  object  through  a  trans- 
parent piece  of  glass,  we  shall  find  that  the  object  l)ecoines 
dim  in  exact  proportion  to  its  thickness,  so  that  there  is  no 
such  thing  in  nature  as  perfect  transparency.  On  the  other 
hand,  there  is  reason  to  suppose  that  no  body  possesses  the 
property  of  perfect  reflection;  for  light  penetrates  in  an  in^ 

(50)     Let  m  be  a  reflecting  surface, 
and  r  a  ray  of  light  impinging  upon  it,  in 
a  perpendicular  direction  from  r  to  m,  it  o'n^ 
will  then  he  reflected  in  the  same  direc-        \ 
tion,  and  return  from  m  to  r.     If  the  \ 

ray  of  light  fall  upon  yh,  in  the  direction  \ 

II  Iff,  it  will  he  reflected  from  tn  to  6;  N/ 


h 
/ 


the  angle  of  reflection,  r  m  b^  measured  /^ 

from  the  perpendicular,  r  m,  being  equal  / 

to  the  angle  of  incidence,  r  m  a^  mea-  y 

sured  from  the  same  perpendicular,  ■v' 
The  luminous  object  would  in  the  first 
case  appear  to  an  eye  placed  at  r  behind  the  reflecting  tinlbM  at  'i^ 
and  in  the  second  case,  to  an  ^e  placed  at  6,  it  wouU  appear  iM^ik 
of  the  reflected  ray,  behind  the  minor  at  i". 


/ 
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able  quantity  into  the  surface  of  all  bodies,  and  even  into 
itself,  as  it  is  easy  to  be  assured  of,  by  holding  a  piece  of 
gold  between  the  eye  and  any  strong  light,  when  it  will  be 
1  to  be  permeable  to  bluish  rays. 

§  222.  Light  may  be  so  reflected  from  regular  curved 
ave  surfaces,  that  all  the  rays  may  converge  to  one  point  or 
s.  In  this  case,  the  direction  of  each  reflected  ray  is  the 
;  as  if  it  had  taken  place  from  a  plane  surface,  tangent  to 
mrve  at  the  point  of  incidence  (51). 

§  223.  When  a  ray  of  light  is  admitted  into  a  darkened 
tment,  it  may  be  almost  wholly  turned  aside  by  reflection 
I  a  metallic  mirror,  in  any  direction  according  to  the  angle 
hich  the  mirror  is  presented  to  it.  If  it  then  be  made  to 
upon  any  object,  it  will  aflect  that  object  as  the  original 
one  part  will  be  absorbed  or  extinguished,  another  reflected, 
a  third  will  be  irregularly  repelled  or  scattered:  it  will 
me  a  state  of  secondary  rtuiiaiion.  It  is  this  portion  which 
lers  an  object  visible  in  all  directions.  This  scattered  Ught 
ng  upon  other  bodies  is  again  reflected  and  dispersed  from 
n,  and  makes  all  of  them  also  visible,  although  in  a  less 
ree  because  of  the  partial  absorption  which  is  constantly 
ng  place,  and  the  whole  apartment  is  lighted.  No  such 
eral  lighting  is  produced  by  regular  reflexion  from  the 
ror,  and  the  effect  depends  upon  the  nature  of  the  body  on 
ch  the  rays  fall.  It  it  be  upon  a  sheet  of  white  paper  which 
orbs  but  little,  the  apartment  will  be  well  lighted,  but  if 
>n  black  velvet  which  absorbs  nearly  the  whole,  the  apart- 
it  will  remain  dark. 

This  property  is  of  the  utmost  important  to  vision;  it  is 
sessed  in  various  degrees  by  all  bodies  on  the  earth,  and 
y  remarkably  by  the  atmosphere  which  surrounds  it.  By 
se  means  the  light  derived  directly  from  the  sun  is  diffused, 
that  milder  radiance  maintained,  which  is  so  agreeable  to 
eye,  and  which  renders  objects  visible  when  the  sun^s  direct 


(51 )  Let  I  K  represent  the  polished  concave 
surfiace  of  a  segment  of  a  sphere;  the  pencil  of 
parallel  rays,  c  n,  will  be  reflected  from  it,  accord- 
ing to  the  law,  so  as  to  meet  at  the  focus  f,  where 
thej  will  also  cross  one  another,  and  pass  on  in 
the  same  direction  to  d  c. 


176 


REFRACTION. 


rays  do  not  fall  upon  them.  But  for  thb^  indeed,  all  bodies 
shaded  from  the  sun  would  be  perfectly  dark  or  1)lack,  that  is, 
totally  in\dsible;  and  without  an  atmosphere,  the  sun  would 
appear  a  blazing  orb  in  a  black  sky.  On  lofty  mountains,  when 
half  the  atmosphere  is  below  the  level  of  the  observer,  it  is  wdl 
known  that  the  sun^s  rays  are  painfully  intense,  and  the  sky  is 
of  tlie  darkest  hue,  almost  approaching  to  black. 

§  224.  When  a  pencil  of  light  falls  on  the  sur£Eu>e  of  any 
transparent  uncrystallized  medium,  as  water,  a  portion  of  it  is 
reflected,  and  another  portion,  which  ser\'es  to  make  the  sur&ce 
visible,  is  scattered  in  all  directions;  the  remainder  penetrates 
the  medium  -  and  pursues  its  course  within  it.  If  it  enters  it 
perpendicularly,  it  passes  through  in  a  straight  line;  but  if  at  an 
angle,  it  is  bent  from  its  course,  and  is  said  to  be  refracted. 
In  the  reflection  of  light,  the  law,  as  far  as  regards  the  direction 
of  the  reflected  ray,  is  the  same  for  all  reflecting  substances:  in 
refraction  it  is  otherwise,  and  each  different  medium  has  its  own 
peculiar  action  on  light;  some  turning  a  ray  incident  at  a  given 
angle,  more  out  of  its  course  than  others  (52). 


(52)  If  in  this  diagram,  we  suppose  a  ray  of  light  shot  from  « 
to  c,  to  penetrate  the  surface  of  a  piece  of  glass,  g  A,  it  would  reaeh 
directly  across  to  b;  but  if  the  ray  fall  obliquely,  as  from  d  to  c,  then 
instead  of  continuing  its  course  to  /  and  A-,  it  will  at  the  moment  of  iU 

entrance  be  bent  downwards  into 
the  path  c  c,  nearer  to  a  line,  c  o, 
called  the  perpendicular  to  the  sur- 
face at  the  point  of  entrance;  and 
then  moving  straightly  while  in  the 
S  substance  of  the  glass,  it  will, 
when  it  passes  out  again  at  e,  in 
p  the  opposite  surface,  be  bent  just 
as  much  as  at  first  in  the  oontnij 
direction,  or  away  from  a  similar 
perpendicular  at  the  snr&oe  i  e^ 
into  the  line  e^^  instead  of  the  line 
e  n.  A  ray,  therefore,  pa—jwg  obfi- 
^ely  through  a  transparent  bodf 
of  parallel  surfaces,  has  its  course  shifted  a  little  on  one  side  of  tlw 
original  course,  but  still  proceeds  in  the  same  direction,  or  in  a  Bb0 
parallel  to  the  first.  An  eye,  therefore,  looking  at  an  o1»{eel^  if 
obliquely  from^^  through  a  piece  of  glass,  ghpq^  with  parallel  mf 
would  see  it  in  the  direction  ^  if',  inst^  of  the  direcdonyd^ 
to  the  left  of  its  real  position. 
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The  degree  of  bending,  or  refraction  of  light  in  traversing  a 
transparent  medium,  is  ascertained  by  comparing  the  obliquity 
of  its  approach  to  the  surface  with  the  obUquity  of  its  depar- 
tnre  after  passing;  and  the  ratio  of  these  two  angles  when  light 
passes  from  a  vacuum  into  a  given  substance,  is  called  the  index 
ofiefiraction  (53)  • 

When  light  passes  obliquely  from  air  into  water,  the  refrac- 
tion or  bending  is  such,  that  the  line  measuring  the  obliquity 
before  the  refraction,  or  the  sine  of  the  angle  of  incidence,  is 
always  longer  than  the  line  measuring  it  after  refraction,  or  the 
«ne  of  the  angle  of  refiraction,  by  nearly  one-third  of  the  latter: 
and  the  refractive  power  of  water  is  therefore  signified  by  the 
index  1^  or  1.33:  as  in  like  manner,  the  greater  refractive 
power  of  common  glass  has  the  index  1  j^:  that  of  the  diamond, 
%  and  so  on.  Whatever  relation  holds  between  a  ray  and  the 
refraction  in  any  one  case,  the  same  holds  good  in  all  cases.  If^ 
for  instance,  the  obUquity  measured  by  its  sine  be  40,  and  the 
refraction  be  half,  or  20,  then  in  the  same  substance,  an 
obliquity  of  10  will  occasion  a  refraction  of  5,  &c. 

§  225.  Generally  speaking,  the  refittctive  power  of  sub- 
stances is  in  some  degree  proportioned  to  their  densities:  water, 
for  mstance,  acts  more  powerfully  than  air,  and  has  its  power 
bcreased  by  solution  of  salt.  Glass,  again,  is  superior  to 
^er;  but  Sir  I.  Newton  observed,  that  inflammably  substances 
bad  greater  refractive  powers  than  others^  and  he  in  conse- 
floence  foretold^  what  chemistry  has  since  so  remarkable  veri- 
fied, that  the  diamond  and  water  would  be  found  to  contain 
ndammable  principles. 


(53)  For  the  purpose  of  determining  the  index  of  refraction,  a 
be  is  tuppoaed  to  be  drawn  perpendicularly  through  the  snrfaoe,  at 
tbe  pomt  of  incidence,  as  in  the  laist  figure,  a  6,  drawn  through  c,  and 
tike  relative  positions  of  the  ray  to  this  line  are  easily  ascertained. 
Aiu,  if  we  strike  a  circle  from  the  centre  c,  with  the  radius  c  e^  in  the 
phae  of  the  ray  d  c  e^  the  line  r  #,  drawn  from  its  point  of  intersection 
*itii  the  ray  before  incidence,  to  the  perpendicular,  will  be  a  measure 
^  tie  ori^nal  obliquity,  or  angular  distance  of  the  ray,  and  is  called 
^  iine  of  the  angle  of  incidence;  and  another  line,  o  e^  drawn  from 
^  <xirresponding  point  of  the  perpendicular  to  the  ray  after  passing,  is 
^ineasoie  of  the  obliquity  after  refraction,  and  is  called  the  sine  of  the 
•"gfe  of  reaction;  by  comparing  these  two  lines,  the  amount  of 
"^hction  is  ascertained. 

N 
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Hydrogen,  8uli)hur,  phosphorus,  wax,  turpentine,  cam] 
and  oils,  are  distinguished  by  a  refractive  power,  many  1 
greater  in  respect  to  their  densities  than  most  other  substa 
Chromate  of  lead,  on  the  other  hand,  which  is  not  combos' 
possesses  the  power  in  an  extraordinary  degree. 

In  the  following  table  is  set  down  the  refractive  powf 
the  principal  gases  and  vapours,  compared  with  air: — 

Table  XXX,    Refractive  Powers  of  Gases  and  Vapour 


Barometer  30*^. 


Air 

Oxygen 
Nitrogen 
Hydrogen    • 
Ammonia     . 
Carbonic  acid 
Carburetted  hydrogen 
Muriatic  acid 


1000 
0.861 
1.034 
0.614 
2.108 
1.004 
2.092 
1.196 


Cbloriiic 

Alcohol  vapour     . 

Etiier  vapour 

Sulpt.  of  carbon  vapour 

Cyanogen     . 

Ilydro-cjanic  acid 

Carbonic  oxide 

Sulphuretted  Hydrogen . 


The  following  table  registers  the  refractive  power  of  i 
remarkable  liquids  and  solids: — 

Table  XXXI.    Refractive  Power  of  Liquids  and  Solid 


Sulphuret  of  carbon 

1.078 

Chromate  of  lead 

a 

Tolu  balsam 

.     1.628 

Diamond 

Castor  oil     . 

.     1.490 

Phosphorus 

Almond  oil 

.     1.^83 

Calcareous  spar    , 

Spirits  of  turpentine 

.     1.475 

Quartz 

Sulphuric  acid 

.     1.434 

Resin 

Alcohol 

.     1.372 

Rock  salt 

Ether 

.     1.358 

Ice      . 

Water 

.    1.335 

Tabashcer    . 

§  226.  Many  familiar  phenomena  might  be  suffide 
convince  an  attentive  observer  of  this  action  of  transparent 
stances  upon  light.  Thus^  when  a  stick  is  inmiersed  oblu 
in  water,  it  appears  bent  at  the  point  of  immersion;  and 
object,  such  as  a  piece  of  coin,  be  placed  at  the  botto 
a  basin,  and  the  experimenter  place  himself  so  that  the  s 
the  vessel  may  just  conceal  it,  upon  pouring  water  into 
will  become  visible.  If,  instead  of  water,  spirits  of  win 
used,  the  coin  will  appear  more  raised;  if  oil,  still  moie* 

But  in  none  of  these  cases  will  the  object  apptjtf  1 
thrown  aside,  to  the  right  or  the  left  of  its  true  plaoQt 
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pbzie  in  which  are  contained  the  eye,  the  object,  and  the  point 
in  tbe  liquid  at  which  the  object  is  seen,  is  an  upright  or  ver- 
tical plane,  and  in  ordinnn-  rofractiun  the  ray  never  quits  this 

plant. 

§  327.  The  direction  of  the  rcfiracted  ray  depends  upon 
the  relative  position  of  the  surface  of  the  transparent  body,  not 
ontr  at  its  point  of  entrance,  but  also  at  its  exit;  and  thus  by 
variously  modifying  the  surfaces  of  refractive  media,  the  rays 
of  light  transmitted  may  be  diverted  almost  at  pleasure.  By 
tefractinn  at  convex  surfaces,  for  instance,  they  may  be  made  to 
coDTerge  to  a  focus,  and  all  their  power  condensed  at  one  parti- 
cular point;  the  refraction  taking  place  as  if  each  ray  fell  upon 
■  ]Jane  surface,  tangent  to  the  cur\'e  at  the  point  of  inci- 
dent (54). 

As  it  is  at  the  sur&ces  of  bodies  that  the  deflecting  power 
Uts,  by  a  proper  adjustment  of  surfaces,  the  original  deviation  of 
•  lay  entering  a  piece  of  glass  may  be  doubled  at  its  emergence, 
udsome  very  curious  effects  produced  (55].  The  phenomena 
nay  be  best  observed  by  means  of  a  triangular  prism  of  glass,  or 


{54)     O  n,  in  the  annexed  figure,  represents  a  lens  of  gUus,  the 
dppoiile  convex  surfaces  of  which  are  segments  of  siinilar  spheres. 


!hs  pncil  of  parallel  rajs,  a  b,  in  traversing  its  substance,  are 
t^wsttA  at  botfi  mrfaceB;  and,  according  to  the  law,  upon  their 
mogenca  from  the  glass,  are  so  directed  as  to  meet  at  the  focus  F, 
■d  eriMniig  one  another,  pass  on  to  n  a. 


(56)  A  ny  of  light,  ft>,  is  here  repre- 
fBltflj  impinging  obliquely  on  the  upper 
■An  of  the  prism;  it  it  there  refracted 
tt  gf  id  ori^nal  direction  towards  a  per- 
■nfiwalw  to  tbe  surface.  On  emerging 
■Hi  Hu  Mooad  mrfiwe  it  is  further  le- 
aelad  into  the  direedon,  g,  airay  from  the 
i  Bunce. 


It  is  also 

Wj^a  iato  difecnt  portioiu,  of  which 
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other  refracting  substance.    Tlie  light  which  falls  upon 
the  faces  is  refracted  at  the  first  surface,  and  also  at  the 
surface;  but  the  second  refraction  does  not  bring  the  ray 
direction  parallel  with  the  incident  ray,  as  is  the  case  wl 
surfaces  of  the  glass  are  parallel;  but  they  are  permanent! 
into  another  direction. 

TBiere  is,  however,  a  limit  to  the  possibility  of  a  ray's 
from  any  medium,  or  a  limit  of  the  angle  of  refraction,  at 
the  ray,  instead  of  emerging  from  it,  is  totally  reflected 
it.  Tlie  reflexion  thus  obtained,  being  total,  far  surpa 
brilliancy  what  can  be  obtained  by  any  other  means,  such 
most  highly  polished  metals.  It  may  be  familiarly  she 
filling  a  glass  with  water  and  holding  it  above  the  level 
eye.  If  we  then  look  obliquely  upwards  through  it,  w 
see  the  whole  surface  shining  like  polished  silver,  ar 
object  immersed  in  it  will  have  its  immersed  part  reflec 
the  surface,  as  on  a  mirror  of  the  most  perfect  kind. 


§  228.  The  most  extraordinary  fact  connected  wi 
refraction  of  light  is,  that  a  pure  ray  of  white  light  from,  tl 
admitted  into  a  darkened  room,  through  such  a  prism,  i 
of  being  refracted  altogether,  and  appearing  still  as  a  whi 
is  divided  into  several  rays  of  different  vivid  colours, 
thus  said  to  be  analyzed  or  decomposed  into  its  elen 
rays.  Seven  principal  colours  may  be  distinguished,  vi: 
orange,  yellow,  green,  blue,  indigo,  and  violet;  and  it  is 
to  the  imequal  refrangibility  of  the  rays  which  produa 
that  their  separation  is  effected  (56).    Tie  relation  of  il 


(66)     In  the  annexed  diagram  r  x  represents  a  raj  of  ligl 
ing  into  a  dark  chamber  through  a  small  hole  in  the  window- 


w  w.    When  a  prism,  p,  with  one  of  its  anglei  downwardly  i 
posed  in  its  passage,  die  nj,  after  snfieiing  two  ve6MdoB% 
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of  the  angle  of  refiraction  to  the  sine  of  the  angle  of  incidence 
difibrsin  each* 

Table  XXXII.     Of  the  Refrangibmy  of  the  Bays  of  the 

Spectrum. 


Watee. 

Flint  Olass. 

Index  of  Rdhictlon. 

Indaz  of  Refraction. 

Red     . 

1.3310 

1.6277 

Orange 

1.3317 

1.6297 

Yellow 

1.3336 

1.6350 

Green  • 

1.3358 

1.6420 

Blue    . 

1.3378 

1.6483 

Indigo. 

1.3413 

1.6603 

Violet . 

1.3442 

1.6711 

§  229.  Thus  the  red  ray  is  the  least  bent,  and  the  violet 
the  most.  This  unequal  refrangibility  is  not  an  accidental 
cmmmstance,  but  is  a  property  inherent  in  their  nature,  and 
liiicheach  retains  after  being  subjected  to  several  refractions; 
nd  no  action  of  refraction  or  reflection  is  capable  of  effecting 
their  further  decomposition.  If  they  be  again  collected,  as  they 
nay  be  either  by  refraction  through  the  convex  surface  of  a 
Jois,  or  by  reflection  from  the  concave  surface  of  a  mirror,  they 
'ill  reproduce  white  light  at  the  respective  foci. 

The  space  illuminated  and  coloured  by  a  pencil  of  rays  from 
^  sun  thus  analyzed,  is  called  the  solar  spectrum. 

It  is  to  Newton  we  are  indebted  for  these  beautiful  experi- 
B^ts,  and  for  a  theory  of  colours  founded  upon  them:  accord- 
Qf  to  which  the  colours  of  natural  objects  are  compounded  of 
'Kveral  rays  which  are  transmitted  or  re-radiated  after  the  absorp- 
TO  or  extinction  of  others. 

Some  late  experiments  of  Sir  John  Herschel  have  rendered 
^  probable  that  there  exist  in  the  solar  spectrum,  beyond  the 
Kmit  of  the  violet  rays,  other  rays  of  still  higher  refrangibility, 


upwards  towards  s;  and  when  received  upon  a  white  screen,  placed  at 
^  considerable  distance  behind  the  prism,  forms  an  oblong  image, 
eoloQied  with  the  most  vivid  tints  named  in  the  margin.  "When  a 
^os^x  prism,  represented  by  the  dotted  triangle,  a,  is  placed  before 
^w  first,  in  the  reverse  position,  the  opposite  actions  of  the  two  cor- 
^each  other,  all  colour  disappears,  and  the  effect  is  the  same  as 
''orild  result  from  the  interposition  of  a  piece  of  thick  glas?,  whose 
^posite  sides  are  parallel,  and  from  which  it  would  undergo  a  slight 
^^gite  of  homogeneous  refraction. 
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and  of  a  colour  which  he  proposes  to  call  lavender;  that  they  are 
not  a  dilute  or  weak  form  of  the  violet,  is  proved  by  thrir  retain- 
ing their  peculiar  tint  unaltered  after  concentration. 

§  230.  The  composition  of  white  light  from  tlie  seven 
prismatic  colours  may  be  roughly  proved  by  painting  them  upon 
the  face  of  a  wheel,  and  causing  it  to  rotate  rapidly.  Owing  to 
tlie  permanence  of  the  impression  upon  the  retina  of  the  eye 
(§  212)  they  thus  become  blended  together^  and  a  sort  of 
greyish  white  is  the  result.  The  white  is  imperfect,  because 
the  colours  employed  cannot  possibly  be  obtained  of  the  proper 
tintSj  or  laid  on  in  exact  proportions. 

§  231.  Tliis  analysis   of  white  lights  however,  is  not 
wholly  dependent  upon  the  refractive  power  of  a  transparent 
medium,  but  upon  what  may   be  called  its  dispersive  power; 
and  different  bodies  possess  very  different  powers  of  dispersing 
or  separating  the  coloured  rays  of  light.     If,  for  example,  we 
make  a  hollow  prism  of  plates  of  glass,  and  fill  it  with  oil  of 
cassia,  we  shall  find  that  the  spectrum  which  it  produces  vill 
be  two  or  three  times  longer  than  that  of  a  glass  prism.    Differ- 
ent substances  not  only  exhibit  the  difference  of  dispersive 
power  generally  upon  all  the  rays  of  light,  but  are  found  to  act 
unequally  upon   the  different  rays:   thus,  if  we  compare  die 
spectra  produced  by  oil  of  cassia  and  sulphuric  acid,  we  shall 
find  that  the  least  refrangible  colours,  red,  orange,  and  yellow, 
will  occupy  less  space  in  the  fonner  than  in  the  latter;  while 
the  most  refrangible  colours,  blue,  indigo,  and  violet,  will  occupy 
larger  spaces,  or  be  more  expanded. 

§  232.  The  dispersive  powers  of  dense  flint-glass,  and  of 
the  lighter  crown-glass,   differ  very    considerably;  and  it  is 
possible  so  to  adjust  two  prisms  of  these  substances  together 
that  their  dispersive  powers  may  correct  one  another;  and  yet 
that  a  considerable  deviation  or  refraction  of  the  light  which 
penetrates  them  may  remain.     It  is  upon  this  principle  that 
DoUond  first  effected  the  important  object  of  correcting  the 
colours  which  surround  the  image  of  objects  in  a  commoo 
telescope.    Every  simple  lens  acts,  in  some  measure,  upon 
light  as  a  prism,  not  oidy  causing  the  rays  to  conveige  to  a 
focus,  but  separating  them  by  its  dispersive  power;  l^  fiat 
proper  adjustment  of  different  kinds  of  glass,  a  compound  Ifloi 
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Biay  be  constnicted  in  which  the  colour  is  greatly  corrected^ 
and  the  rays  are  still  made  to  converge  in  the  requisite  degree. 

§  233.  It  may  be  here  observed  that  the  urdulatory 
lijrpothesis  accounts  for  these  differently-coloured  rays  by  a 
difference  in  the  frequency  of  recurrence  of  the  vibrations.  The 
ether  is  supposed  capable  of  vibrating  in  waves  of  different 
lengths:  the  shortest  waves  produce  violet  lights  the  longest 
led.  The  impression  of  the  different  coloiirs  arises  precisely  as 
that  of  the  different  sounds  in  air:  the  shortest  wave  in  sound 
ghring  the  highest  note. 

The  periodical  movements  of  the  medium  in  white  light 
legularly  recur  at  equal  intervals^  five  hundred  millions  of 
mfllions  of  times  in  a  second  of  time,  1,000,000,000,000  x  500; 
in  the  sensation  of  redness  our  eyes  are  affected  four  hundred 
and  eighty-two  millions  of  millions  of  times,  1,000,000,000,000 
X482;  of  yellowness,  five  hundred  and  forty-two  millions  of 
nillions,  1,000,000,000,000  X  542 ;  of  violet,  seven  hundred  and 
Kven  millions  of  millions,  1,000^000,000,000  X  707* 

§  234.  The  solar  spectrum,  however,  in  its  utmost 
poritjr,  is  not,  as  it  appears  to  common  observation,  an  unin- 
terrupted line  of  light,  red  at  one  end  and  violet  at  the  other, 
•nd  shading  away,  through  every  intermediate  tint  from  one 
to  the  other;  but  is  interrupted  by  intervals  absolutely  dark; 
md  in  those  parts  where  it  is  luminous,  the  intensity  of  the 
light  varies.  When  viewed  in  the  most  advantageous  way, 
Old  with  proper  precautions,  it  presents  the  appearance  of  a 
itriped  riband,  being  crossed  in  the  direction  of  its  breadth  by 
M  infinite  multitude  of  dark,  and  by  some  totally  black  bands, 
distributed  irregularly  throughout  the  whole  extent.  Tlie 
I>nids  are  constantly  in  the  same  parts  of  the  spectrum,  and 
preserve  the  same  order  and  relations  to  one  another, — the 
wne  proportional  breadth  and  degree  of  obscurity,  whenever 
«nd  however  examined,  provided  solar  light  be  used.  By  solar 
%ht  must  be  tmderstood  not  only  the  direct  rays  of  the  sun, 
w»t  the  reflected  and  scattered  light  from  the  same  source, 
w  the  light  of  the  clouds  or  sky,  of  the  moon  or  planets. 
Though  similar  bands  are  observed  in  the  spectra  from  other 
lights,  as  that  of  the  fixed  stars,  or  of  artificial  lights,  yet 
ttey  are  differently  disposed,  and  the  spectrum  of  each  has 
*  system  of  bands  peculiar  to  itself.     This  phenomenon  has 
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been  ascribed  to  the  action  of  the  solar  atmosphere^  whid 
may  have  the  property  of  absorbing  particular  portions  of  th 
rays  of  light  (57).  A  similar  specific  action  has  been  found  u 
different  gases  and  vapours^  to  which  we  shall  again  refer  whei 
examining  the  properties  of  heterogeneous  kinds  of  matter. 

In  the  spectra  from  artificial  lights^  some  of  the  coloun  in 
sometimes  wanting. 


§  235.  The  decomposition  of  light  may  also  be  effects 
by  absorption:  thus^  rays  of  homogeneous  colours  may  h 
obtained  by  transmission  through  glass  stained  with  certaii 
metallic  oxides: — 

Homogeneous  red       •         .         .     Oxide  of  copper. 
yy  blue     •         .         •         ,^         cobalt. 

The  addition  of  certain  substances  to  combustible  bodies 
will  generate  flames  which  will  radiate  certain  colours  by  th 
extinction  of  some  of  the  coloured  rays*  Thus,  by  rubbing  tb 
wick  of  a  spirit  lamp  with  common  salt,  we  may  cause  it  t 
radiate  a  pure  homogeneous  yellow  light. 

From  the  phenomena  of  absorption.  Sir  D.  Brewster  vi 
led  to  the  conclusion  that  the  only  simple  colours  are  the  re 
yellow,  and  blue.  These  are  concentrated  in  that  part  of  tl 
spectrum  where  each  appears,  but  are  spread  more  or  less  ov 
the  illuminated  space,  giving  rise  to  the  other  colours  by  tlw 
mixture.  He  also  states  that  a  small  portion  of  all  the  rays 
diffused  over  the  white  spectrum,  constituting  white  light,  whi 
cannot  be  separated  by  refraction. 

§  236.  Thin  plates  or  scales  of  different  substance^ 


(57)  The  principal  lines  in  the  solar  spectrum  are  here  rq 
sented.  R  is  the  red  extremity,  and  v  the  violet;  c  is  a  bxoad  U 
line  beyond  the  middle  of  the  red.  At  n  is  a  strong  double  lini 
the  orange,  the  two  being  separated  by  a  bright  one;  e  is  the 
one  of  a  number  in  the  green*    At  f  there  is  a  strong  black 
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the  blue,    o  is  in  the  indigo,  and  h  is  the  most  lemailcaUa  out 
the  violet.    Between  these,  othen  are  situated  so  thickly  that 
number  of  the  whole  amounts  to  about  690. 
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ubstances  di^nded  by  fine  regular  lines,  or  consisting  of  minute 
ibres,  have  also  the  property  of  decomposing  light  which  falls 
&pon  them;  but  the  series  of  phenomena  which  they  present 
sre  totally  different,  and  depend  upon    different   principles. 
The  simplest  case,  perhaps,  of  this  curious  property  occurs,  if 
we  allow  a  small  beam  of  divergent  light  to  enter  into  a  dark 
room  by  a  hole  not  more  than  l-40th  part  of  an  inch  diameter, 
or  better  still,  through  a  small  convex  lens,  and  place  a  thin  rod 
of  any  kind  of  matter,  such  as  a  pin,  in  its  course;  if  we  then 
examine  its  shadow,  we  shall  find  that  on  both  sides  of  it  there 
are  fringes  of  coloured  light,  the  colours  being  as  follows,  look- 
ing from  the  shadow: — 

First  fringe    .         .        .     T*"^*'*' '^^^g  ^H*  "««,  g-^e". 

Second  fringe  .         .       Blue,  yellow,  red. 

Third  fringe  .         .         .      Pale  blue,  pale  yellow,  red. 


§  237-  If  instead  of  white  light,  any  of  the  homogeneous 
rap  of  the  spectrum  1^  observed  in  the  same  way,  the  fringes 
villbe  of  tlie  same  colour,  and  their  intervals  black  (58). 


(58)  Let  a  pencil  of  rays  pass  through  a  glass,  o  g,  of  homo- 
geneous colour,  and  fall  upon  a  lens,  l,  of  short  focus,  fixed  in  a  dia- 
phragm, M.  N.  Place  at  a  little  distance  from  the  focus  a  screen,  c  s, 
irith  a  thin  fine  edge,  and  receive  its  shadow  on  a  white  screen,  t  t. 
rke  line,  F  a  l,  wluch  would  be  the  boundary  of  the  geometrical 
iuidow,  will  not  be  the  real  separation  of  light  and  shade.  The 
ihadow  itael^  on  the  upper  side,  will  not  be  totally  dark,  but  will  be 
cnaUy  iUnminated  by  a  faint  light,  gradually  shadowing  ofi^;  and 
wiow  wOl  be  observed  fringes^  or  alternations  of  light  and  dark. 
Elie  fint  is  a  bright  band,  l,  parallel  to  the  edge  of  the  screen,  then  a 
Uk  fiinge,  B,  parallel  to  the  former.    This  is  called  the  black  fringe 


«  dieiL  again  a  second  bright  bond,  and  then  a  black 
d  the  black  fringe  of  the  second  order;  and  so  on 
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If  we  now  examine  the  shadow  itself^  we  shall  find  that  it 
also  is  divided  by  parallel  fringes^  which  vary  in  number  and 
in  breadth^  according  to  the  distance  of  the  body  from  the 
shadow  that  is  examined. 

Now  these  phenomena  must  depend  upon  light  bent  some- 
how or  other  into  or  towards  the  shadow,  and  the  name  of 
inflection  has  been  employed  to  distinguish  them.  The  name  of 
diffraction  has  also  been  applied  to  them. 

If  a  screen  be  placed  on  one  side  of  the  inflecting  body,  and 
a  little  behind  it,  so  as  to  cut  off  the  access  of  light  to  that  sidej 
tlie  light  will  pass  by  on  the  other  side,  but  all  the  fringes  in 
the  shadow  will  disappear;  proving  that  the  fringes  in  the 
shadow  are  occasioned  by  the  interference  of  the  rays  bent  into 
the  shadow  on  one  side  of  the  body,  with  the  rays  bent  into  the 
shadow  on  the  other. 

§  238.    '^The   law   of  this  interference   may  be  thus 
explained*.     Let  us  suppose  two  minute  pencils  of  light,  radiat- 
ing from  two  points  close  to  one  another,  to  fall  upon  the  same 
spot  of  a  piece  of  paper,  in  which  case  tliey  may  be  sud  to 
interfere  with  one  another,  (for  if  the  paper  were  removed,  they 
would  cross  one  another  at  that  point).    Then  if  the  lengths  of 
their  paths  (or  the  distances  between  the  paper  and  the  two 
radiant  points,)  are  the  same,  they  will  form  a  bright  spot  or 
fringe  of  light,  having  an  intensity  greater  than  that  which 
would  have  been  produced  by  either  portion  alone.     Now  it  it 
found  that  when  there  is  a  certain  difference  between  the 
lengths  of  their  paths,  a  bright  fringe  is  produced,  exactly 
similar  to  what  is  produced  when  their  lengths  are  equaL    If 
we  represent  tliis  difference  by  the  letter  d,  then  similar  bright 
spots  or  fringes  would  be  produced  when  the  difference  in  the 
lengths  of  the  paths  are  2dfSdy4dy5dy  &c.;  but,  what  is  very 

Buccessiyely  till  black  fringes  may  be  observed,  under  favoamble  cir- 
cumstances, of  the  sixth  and  seventh  orders.  The  bright  bands 
become  less  and  less  brilliant,  till  they  are  confounded  with  the  li^ 
which  passes  by  the  edge  of  the  screen. 

All  the  colours  of  the  spectrum  produce  this  cflTeot,  with  only  this 
difference,  that  in  passing  from  the  red  to  the  violet  they  become  nar- 
rower and  narrower.  It  is  for  this  reason  that  white  Ught  does  not 
give  black  and  white  fringes,  but  fxinges  of  different  odonn  aiinDg 
from  the  mixture  of  the  prismatic  colours  in  difiercnt  proportiont. 

The  different  fringes  have  their  origin  in  the  edge  of  the 

*  BazwsTEa. 
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narksble,  it  is  clearly  proved,  that  if  the  pencils  of  light 
CTfere  at  intermediate  points,  or  at  -Jrf,  l^d,  2^d,  3Jrf,  tlieii, 
)tead  of  adding  to  one  another's  intensity,  the  two  pencils 
light  destroy  one  another,  and  produce  a  block  spot  or 
nge"  (59).     The  distances  at  which  these  interferences  take 


1  by  tracing  them  at  difFetent  dislanccs  of  some  yards  from  this 
^n,  it  is  fnund  that  they  propagate  thcinselTca  in  hyperbolic  curves, 
represented  upon  an  exaggerated  scale  in  the  preceding  diagram. 
The  concGDtrntion  of  the  light  by  a  Iciu  is  not  necessary  to  the 
momena. 


XI 


Supposing  the  nrrangomcnt  to  be  as  before,  only  that  at  a  little 
tance  from  the  focus  a  huir,  or  fine  wire,  w  w,  be  placed  in  tlic 
[ise  of  tlie  raya,  its  geometric  slindow  would  reach  to  s  s,  on  the 
ten,  t  T.  Beyond  this,  on  each  side,  a  t,  a*  t',  fringes  may  he 
erred,  aiialogous  to  those  arising  from  the  edge  of  the  screen. 
Me  mn  called  exterior  Jritiget.] 

Bat  in  adcBtion  these,  ittterior  Jringet  may  he  observed,  occupying 
lAda  width  of  the  shadow.  As  before,  they  are  larger  in  red 
■  is  ▼iolet  light,  &o.,  and  consequently  with  white  light  preseut 


(SB)     If  li|^t  be  allowed  to  enter  into  a  dark  chamber  by  two 


ll  jipholei,  ^Med  at  tudi  a  distance  that  the  coues  of  rays  only 
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place  are  different  for  the  different  coloured  rays  of  the  spec- 
trum; and  hence,  although  with  homogeneous  light,  the  tnaget 
are  only  of  the  colour  of  the  inflected  ray  alternating  with  blick, 
when  conijKiund  light  is  employed,  they  consist  of  Tariou 
mixtures  of  the  rays  in  a  definite  order. 

§  239,  In  giving  even  the  most  superficial  account  of 
tliese  interesting  phenomena,  it  is  almost  impossible  to  avoid 
alluding  to  the  two  rival  theories  of  light,  for  the  purpose  of 
remarking  that  the  undulatory  hj-pothesis  explains  them  in  the 
most  satisfactory  manner,  and  taking  either  the  analogy  of 
liquid  undulations,  or  the  musical  vibrations  of  two  strings,  we 
shall  find  similar  interferences  occurring.  When  a  system  of 
wares  on  vater  interfere  with  one  another  at  certain  inter^'als  (CO), 


intersect  one  another  at  a  certain  distance,  and  it  he  rcceiTed  upon  s 
white  Hcrecn,  the  shaded  circles  in  the  annexed  figure  will  define  the 
limits  of  the  illuminated  spaces;  the  common  legnient  a  f  c  D  will  be 
much  more  illuminated  in  its  interior  than  any  other  part,  and  tl» 
arcs,  ADC  and  a  F  c,  will  be  of  remarkable  blackness,  although  thej 
receire  more  light  than  the  rest  of  the  ciicumferences  of  which  ih^ 
form  a  part. 

If  one  of  the  holes  be  closed,  the  points  in  a  d  c  or  a  f  c  hecome 
more  brilliant,  although  deprived  of  iho  additional  light  from  tbe 
second  hole.  Light  added  to  light  thus  produces  darknen,  and  u 
obscure  space  beoomcs  lighted  by  the  abstraction  of  light. 

(60)  This  figure  represents  two  equal  series  of  ware*  diTergini 
from  the  centres  a  and  u,  and  crossing  each  otlier  in  such  a  raaniMT, 
that  in  the  lines  tending  towards  c  u  s  f  they  counteract  each  olhti's 


eflfecta,  and  the  water  remain!  nearly  smooth;  while  in  the  inltf 
mediate  spaces  it  is  agitated.  The  experiment  may  earilj  be  awdib 
by  drapping  two  equal  pebbles,  at  the  same  momont,  into  a  imootll 
pond  of  water,  and  is  rerf  instructive. 
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deforce  of  one  is  added  to  the  force  of  the  other,  and  the 
heigfat  of  the  waves  is  doubled;  but  when  they  interfere  at 
inttTmediate  uiterrals,  the  rise  of  one  corresponds  with  the  fall 
of  the  other,  and  both  are  obliterated.  Or  that  kind  of  alternate 
cxuation  and  increase  of  sound  which  is  produced  by  two 
miuical  notes  nearly  in  unison,  and  which  is  known  by  the 
name  of  beat»,  presents  a  striking  analogy  with  the  alternate 
faumnous  and  black  fringes  arising  from  the  interference  of 
light. 

§  340.  Thin  plates  of  difierent  substances  produce  analo- 
Jtms  phenomena  of  colour  by  the  interference  of  the  rays, 
ttflected  from  the  second  surface  of  the  plate,  with  the  light 
nflected  from  the  first  surface.  This  may  be  very  well  exem- 
plified by  thin  sheets  of  mica,  which  may  be  procured  of  any 
<le|Tee  of  tenuity,  by  splitting  the  edge  of  the  plate,  and  then 
itnding  it  asunder  with  a  sharp  pull.  The  colours  depend  upon 
fte  thickness  of  the  plate,  and  are  never  the  simple  colours  of 
Uw  prism.  Whatever  tints  are  thus  produced  by  reflected 
E^  the  complementary  tints,  or  those  colours  which  are 
Rqnired  to  constitute  white  light  by  mixture  with  them,  may 
be  found  in  the  light  which  is  refracted  through  them.  The 
ame  efiects  are  produced  in  a  very  beautiful  manner  in  soap- 
imbbles,  which,  as  they  grow  thiimer  by  evaporation,  exhibit  a 
Hries  of  the  most  splendid  colours.  A  drop  of  oil  thrown  upon 
■  anr&ce  of  water,  or  glass  blown  very  thin,  produces  similar 
■emits. 

The  iridescent  colours  which  are  seen  upon  the  surface  of 
Wilher-of-pearl  are  referrible  to  fine  panillel  lines  formed  by  its 
^ture;  and  are  produced,  in  a  minor  d^^ee,  even  by  the 
wbce  of  sealing-was,  upon  which  their  impression  has  been 
ilien.  The  splendid  and  variable  colours  of  the  plumage  of 
uny  birds  is  also  dependent  upon  their  fibrous  arrangement; 
^dte  in  the  gorgeous  colonr  of  shells  and  fish  we  see  the  effects 
fa  thin  laminated  structure. 

§  241.  But  the  most  beautiful  illustration  of  the  subject 
m  the  coloured  rings  of  Newton,  the  laws  of  which  were  illua- 
tted  by  ff"*  anrivalled  philosopher. 

He  placed  two  convex  lenses  of  long  focal  lengths  above  one 
lother,  so  BS  to  touch  at  their  summits.  They  were  kept 
^etfaer  by  three  pairs  of  screws  at  equal  distances  from  e^h 
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other^  so  as  to  produce  regular  pressure  at  the  point  of  coiitact 
A  regular  system  of  circular  rings  appeared  round  this  point, 
having  a  black  spot  in  the  centre;  each  spectrum^  or  order  of 
colours^  consisting  of  fewer  colours  as  they  receded  from  the 
centre.  The  order  of  the  colours  of  the  thin  plate  of  air 
included  between  the  glasses^  is  given  in  the  following  table, 
both  for  reflected  and  for  transmitted  light: — 


Table  XXXIII.     Colours  of  Newton* s  Bings. 


Reflected  Light. 


First  Spectrum 


\ 


black. 

blue. 

white. 

yellow. 

orange. 

red. 


Second  Spectrum 


•  < 


indigo. 

blue. 

green. 

yellow. 

orange. 

red. 

scarlet. 


Third  Spectrum    •    . 


purple. 

indigo. 

blue. 

green. 

yellow. 

red. 


Fourth  Sfbotrum 


{ 


bluish  green, 
yellowish  green« 
red. 


FivTU  Spectrum 


i     blue. 
I     red. 


Transmitted. 


white, 
yellowish  red. 
black, 
violet. 


blue. 


white. 

yellow. 

red. 

violet 

blue. 


green. 

yellow, 
red. 


bluish  green. 


red. 
bluish  green. 


red. 


blue. 


SiXTB  Spbotruk    .    .  {     ^^^^ 


BkVBNTH  SpBOTRUM      •  {      '*'^L^J^ 


lib  blue. 
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Sir  Isaac  Newton  ascertained  in  this  way,  by  direct  measure- 
xeDt,  that  air  at  and  below  a  thickness  of  half  a  millionth  of  an 
inch  ceases  to  reflect  light,  and  at  and  above  a  thickness  of 
leventy-two  millionths  of  an  inch  it  reflects  all  the  rays  of  the 
ipectrum.  Between  these  two  limits  it  reflects  the  various 
wders  of  colours  set  down  in  the  table. 

Water  at  and  below  a  thickness  of  three-eighths  of  a  mil- 
ionth  of  an  inch  ceases  to  reflect  light;  at  and  above  fifty-eight 
oiiUionths  it  reflects  white. 

And  glass  transmits  all  light  at  a  thickness  of  one-third  of  a 
[nillionth  of  an  inch,  and  reflects  all  at  and  above  fifty-millionths 
[rfuimch  (61). 

§  242.  That  alternating  motion  of  light  to  which  these 
phenomena  must  be  referred,  and  which,  as  we  have  already 
obaerved,  must  be  as  real  as  the  motion  of  translation  itself,  is 
a  essential  condition  of  the  undulatory  hypothesis.  It  has 
been  accounted  for  less  happily,  upon  the  hypothesis  of  emis- 
BOO,  by  conditions  superadded  to  tiie  original  conception  of  the 
hmuniferous  particles,  that  the  poles  of  the  latter  present  them- 
idhres  alternately  in  opposite  directions,  so  that  they  are  thereby 
indued  with,  what  Sir  Isaac  Newton  designated  as,  fits  of  easy 
^flection  and  transmission;  the  diflierent  duration  of  which  in 
tike  differently  coloured  rays  may  account  for  the  phenomena 
^diidi  we  have  been  discussing. 


(61)  The   arrangement  of  the  lenses  is  here  shown,  with  the 
^i^hNued  concentric  rings  arising  from  the  thin  film  of  air  inclosed 


^^wn  them:  and  in  the  annexed  figure  they  are  exhibited  in  sec- 
^i  the  proportion  of  the  curvatures  being  much  exaggerated,  in 
^^  to  show  the  gradual  increase  in  the  thickness  of  the  film. 
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§  243.  The  law  of  ordinary  refraction^  which  we  bare 
hitherto  considered,  is  very  far  from  general^  and  it  only  obtaini 
where  the  refracting  medium  belongs  to  one  or  other  of  the 
following  classes: — 

1.  Gases  or  vapours. 

2.  Liquids. 

3.  Bodies  solidified  from  the  liquid  state  so  suddenly,  tf 

not  to  admit  of  regular  crystalline  arrangement, 
such  as  glass,  jelly,  gums,  resins,  &c. 

4.  Crystallized  bodies  of  the  tessular  sj'stem,  or  thit 

class  which  may  be  supposed  to  be  constructed 
of  spherical  particles,  such  as  the  regular  cube, 
octohedron,  &c. 

In  uncrystallized  bodies,  whose  structure  is  indefinite,  we 
may  suppose  that  the  action  upon  light  is  the  same  in  erery 
direction,  from  a  system  of  compensation  which  takes  pboe 
amongst  their  molecules:  in  crystallized  bodies  of  the  tessubr 
system,  the  same  equality  of  action  arises  from  the  r^ulir 
molecular  structure  which  confers  upon  them  three  prectidf 
similar  axes. 

These  solid  bodies  even  cease  to  belong  to  this  class  when 
they  are  forcibly  compressed  or  dilated  either  by  mechaniol 
force  or  the  unequal  action  of  heat.  All  other  bodies,  such  is 
salts,  crystallized  minerals,  all  animal  and  vegetable  bodies  in 
which  there  is  a  tendency  to  regularity  of  structure, — as  honi| 
quill,  mother-of-pearl,  &c., — act  upon  light  in  its  passage 
through  them  in  a  very  different  maimer.  They  divide  the 
refracted  portion  into  two  distinct  pencils,  each  of  which  puisnes 
a  rectilinear  course  within  the  medium,  according  to  its  own 
peculiar  law. 

§  244.  The  best  exemplification  of  this  mode  of  refirae- 
tion  is  to  be  found  in  a  substance  called  Iceland  spar,  of  the 
rhombohedric  system  of  crystallization.  It  is  perfe^y  tnni- 
parent  and  colourless,  and  susceptible  of  a  high  polish.  It  may 
be  cleaved  or  broken  into  solids  of  a  rhombohedral  form,  and 
the  natural  faces  are  generally  even  and  perfectly  polisihed 
(§112). 

If  we  take  a  rhombohedron  of  this  substance,  and  look  at « 
small  illuminated  object  through  it,  or  a  line  of  light  paadqg 
through  a  slit  in  an  opaque  plate,  or  a  black  line  upon  a  ■beak 
of  paper,  in  certain  positions,  two  images  of  the  object  iriB 
appear;  and  upon  turning  the  rhombohedron  round  in  its  oiwb 
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plane,  so  as  to  make  a  complete  revolution,  the  two  images  ^nll 
aasome  a  regular  movement  with  r^ard  to  each  other,  and 
one  will  Ml  upon  the  other,  or  coincide  with  it,  twice  in  the 
rerobtion;  and  it  will  be  easy  to  ascertain  that  these  coin- 
eidences  take  place  in  two  positions  of  the  spar,  which  are 
directly  opposite  to  each  other.  The  maximum  separation 
oecars  at  the  two  intermediate  points  of  the  revolution,  and 
Ae  distance  is  proportioned  to  tiie  thickness  of  the  rhombo- 
hedron  (62). 

Hence  it  appears  that  a  ray  of  light,  in  passing  through 
Iceland  spar,  is  split  into  two  by  some  force  residing  in  the 
crystal. 


§  245.  Now,  the  line  which  joins  the  obtuse  angles  of 
nch  a  rhombohedron  is  designated  as  the  axis  of  the  crystal, 
({ 124,)  and  it  is  also  the  optic  axis  of  the  mineral.  Whenever 
Any  of  light  passes  along  this  axis,  or  the  principal  section  or 
plane,  of  the  crystal  in  which  it  is  contained,  (and  which  may 
be  conceived  to  include  an  infinite  number  of  the  similar  axes 
of  the  primitive  molecules  of  which  it  is  composed,)  it  passes 
whole  and  undivided;  and  if  two  artificial  planes  be  ground 


(62)  If  we  place  the  rhombohedron,  as  in  the  annexed  figure, 
iW a  sharp  line,  the  line  will  appear  doubled,  a»  m  n^  p  q;  or  a  dot 
win  be  doubled,  as  e  o.  If  we  cause  a  pencil  of  light,  r  r,  to  fall 
*pOA  the  surface  of  the  crystal,  it  will  be  separated  into  two  rays, 
'^  ''e,  which  will  respectively  emerge  at  o  and  e,  in  the  directions 

R 


^f^yee\  parallel  to  r  r.  The  same  phenomena  will  occur  by  making 
^  nrf  B  r  fall  at  the  same  incidence,  and  in  the  same  direction  rela- 
^^dy  to  the  summit  a,  upon  any  point  of  the  faces.  The  plane 
^  ( B  D  is  called  the  principal  section  of  the  crystal,  and  the  axis,  or 
^  fine  which  may  be  drawn  from  the  solid  angle  a  to  the  angle  b,   ~ 

contained  hi  it. 

o 
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parallel  to  one  another,  and  perpendicular  to  the  axis,  an  object 
will  appear  single  when  viewed  perpendicularly  through  them. 
In  this  direction  the  ray  of  light  is  equally  related  on  all  sides 
to  the  crystalline  forces,  and  hence,  as  in  all  directions  of  the 
tessular  system,  there  is  only  one  image.  In  all  other  directions 
the  ray  will  be  divided  into  two,  one  of  which  follows  (nearly) 
the  laws  of  ordinary  refraction,  and  may  be  denominated  the 
ordinary  ray;  the  other  varies  from  those  laws,  inasmuch  as  in 
general  its  plane  of  refraction  does  not  coincide  with  the  plane 
of  incidence,  and  the  sines  of  incidence  and  refraction  cease  to 
have  a  constant  relation  to  each  other:  it  is  distinguished  as  the 
extraordinary  ray.  The  sines  of  incidence  and  refraction,  how- 
ever, of  the  extraordinary  ray,  are  always  constant  in  the  same 
substance  at  the  point  of  greatest  deviation,  which  happens 
when  the  ray  passes  along  a  plane  at  right  angles  to  the  axis  of 
the  crystal;  and  in  certain  substances,  the  index  of  refraction  of 
the  extraordinary  ray  is  sometimes  greater,  and  sometimes  lesi^ 
than  the  index  of  refraction  of  the  ordinary  ray.  Hence,  cry- 
stals have  been  distinguished  as  repulsive  and  attractive,  or 
negative  and  positive  crystals. 

There  are  crystals  of  other  substances,  again,  which  present 
two  optic  axes,  along  which  a  ray  of  light  can  penetrate  without 
being  divided:  but  the  position  of  these  cannot  conveniently  be 
determined  with  regard  to  the  crystallographical  axis. 

§  246.  If  the  rays  of  light  which  have  been  separated  by 
passing  through  a  crystal  of  Iceland  spar,  be  made  to  pus 
through  another  cr}'^stal  placed  similarly  to  the  first,  there  will 
be  no  further  subdivision  of  the  light;  the  two  images  will  be 
merely  separated  to  a  greater  distance  from  the  increased  tfaidt- 
ness  through  which  the  rays  pass.  If,  again,  the  two  cryatab 
be  so  placed  that  the  principal  sections  are  at  right  anglei  to 
each  other,  there  will  be  still  but  two  images;  but  the  ray  ordi- 
narily refracted  in  the  first,  wiU  become  extraordinary  in  die 
second,  and  the  extraordinary  ray  will  become  the  ordinary: 
but  at  all  intermediate  positions  of  the  two  crystals  there  iriD 
be  a  subdivision  of  each  ray,  and  consequently  four  inu^gaii 
These  four  images  will  be  of  equal  intensity  when  the  princ^ 
sections  of  the  two  crystals  are  at  an  angle  of  45^  to  eabh  oHmQ 
at  all  other  angles  one  or  other  of  the  images  diminiahes  ii 
intensity  as  die  principal  sections  approach  to  a  perpenfiedir 
or  parallel  position* 
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Each  ray  emerging,  then,  from  a  crystal  of  Iceland  spar>  is 
only  subject  to  a  farther  division  in  particular  positions  of  a 
second  crystal;  whereas  natural  light  is  always  divided  into  two 
portions  of  equal  intensity.  'Each  ray  has  suffered  a  physical 
change,  its  nature  has  been  altered;  it  is  not  acted  upon  by  the 
force  of  the  second  crystal  as  natural  light  would  be,  but  requires 
that  the  force  be  applied  in  a  particular  direction  relatively  to 
the  modification  it  has  received  from  the  first  crystal. 

§  247.  This  physical  change  has  been  called  polarization, 
a  term  which  must  be  taken  to  indicate  ^'opposite  properties  in 
opposite  directions,  so  exactly  equal,  as  to  be  capable  of  accu- 
rately neutralizing  one  another*.^*    There  are  many  crystallized 
minerals  which,  when  cut  into  parallel  plates,  are  sufficiently 
transparent  to  allow  abundance  of  light  to  pass  through  them 
with  perfect  regularity,  which,  upon  its  emergence,  is  found  to 
have  acquired  the  peculiar  modification  here  in  question.     One 
of  the  most  remarkable  of  these  is  the  tourmaline.     If  we  take 
a  well-polished  plate  of  this  mineral  of  moderate  thickness,  cut 
from  a  crystal  of  a  broxi'n  colour  in  a  direction  parallel  to  the 
uds  of  the  prism,  a  candle  may  be  seen  through  it  as  through  a 
plate  of  coloured  glass;  and  no  change  will  be  observed  upon 
taming  it  round.     If  another  similar  plate  be  interposed  between 
the  first  plate  and  the  eye,  and  turned  slowly  round  in  its  own 
plane,  the  candle  will  appear  and  disappear  alternately  at  every 
quarter  revolution  of  the  plate;  passing  through  every  gradation 
of  brightness,  from  the  maximum  to  a  total,  or  nearly  total, 
efanesoence,  and  then  increasing  again  by  the  same  degrees  as 
it  diiiiinished  before.     If  we  attend  to  the  position  of  the  second 
pkte  wUh  respect  to  the  first,  we  shall  find  that  the  maximum 
of  flhrnunation  takes  place  when  the  axis  of  the  second  plate  is 
puiDel  to  diat  of  the  first. 

{  248.  If  we  examine  the  two  pencils  of  light  after  sepa- 
ntkm  by  a  crystal  of  Iceland  spar,  by  means  of  a  plate  of  tour- 
maliii^  we  shall  readily  perceive  that  the  ordinary  image  (that 
vfaidi  b  not  deviated  from  the  axis  of  the  crystal)  acquires  its 
intensity  when  the  axis  of  the  tourmaline  is  perpen- 
to  the  principal  section  of  the  rhombohedron,  and  that  it 
extinct  in  the  opposite  direction.  When  the  axis  of 
Ike  tjfflmmJtiiwf  lies  in  the  prindpal  section  itself^  the  extra- 

0% 
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ordinary  image  (that  which  liesi  out  of  the  axis  and  deviates 
from  it)  presents  phenomena  exactly  similar  to  tlie  former. 
Tlie  fact  is^  that  in  the  tourmaline  itself  the  phenomenon  is 
one  of  double  refraction;  one  of  the  refracted  rays  being 
absorbed  by  the  substance  of  the  mineral  and  the  other 
transmitted. 

By  certain  contrivances,  which  it  would  be  foreign  to  our 
purpose  to  explain,  one  of  the  rays  of  calcareous  spar  may  be 
turned  aside  and  the  other  only  employed,  as  in  Nichols'  prism, 
which  possesses  tlie  advantage  over  tourmaline  of  being  free 
from  coloiu". 

§  249.  Tlie  polarization  of  a  ray  of  light  may  also  be 
effected  by  reflexion.  It  takes  place  at  a  certain  angle  of  inci- 
dence (which  is  therefore  called  the  polarizing  angle),  which  is 
different  for  different  substances.  When  a  ray  of  light  is  made 
to  fall  upon  a  polished  glass  surface,  at  an  angle  of  56°  45',  the 
angle  of  reflexion  will,  according  to  the  general  law,  be  equal  to 
the  angle  of  incidence;  and  if  in  this  position  it  be  viewed 
through  a  plate  of  tourmaline,  it  will  exhibit  the  same  series  of 
phenomena  as  if  it  had  been  passed  through  another  plate  of  the 
same  substance,  llie  light  is  extinguished  when  the  axis  of  the 
tourmaline  is  parallel  to  the  plane  of  reflexion. 

If,  instead  of  viewing  the  reflected  ray  through  a  tourmaline^ 
we  place  another  plate  of  glass  so  that  the  reflected  ray  may  &Q 
upon  it  at  the  same  angle  as  upon  the  first,  this  second  plate 
may  be  made  to  turn  round  its  axis  without  varying  the  angle 
which  it  makes  with  the  ray  which  falls  upon  it.  AVhen  die 
two  planes  of  reflexion  coincide  with  each  other,  the  ray  of 
light,  or  Imninous  object,  will  be  reflected  from  die  second  j^ifli 
in  the  same  manner  as  from  tlie  first;  but  if  we  turn  the  second  . 
glass  round  a  quadrant  of  a  circle,  so  as  to  make  the  planes  of 
reflexion  perpendicular  to  one  another,  the  whole  of  the  ny  will 
pass  through  the  second  glass,  and  none  of  it  will  be  reflected. 
Let  us  turn  the  second  glass  round  another  quadrant,  so  as  to 
make  the  planes  of  reflexion  again  coincide,  and  the  ray  wHl  be 
again  wholly  reflected.  When  the  glass  has  been  turned  rannd 
three  quadrants,  the  light  will  be  ^ain  extinguished. 

As  both  the  pencils  of  light  into  which  a  ray  is  divided  by 
passing  through  a  rhombohedron  of  Iceland  spar  are  pobriiedi 
but  in  opposite  directions,  on  viewing  the  reflexion  of  a  lamp 
from  glass,  at  the  proper  polarising  angle,  through  such  a  oiy- 
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,  the  two  images  will  alternately  appear  and  disappear  as  it 
imed  upon  its  axis. 

§  250.  It  may  perhaps  assist  our  comprehension  of  the 
nexion  of  these  phenomena  to  illustrate  them  by  a  rough 
logy:  a  ray  of  common  light  as  it  is  emitted  from  a  self- 
inoos  body  we  may  conceive  to  revolve  upon  an  axis  coin- 
int  with  its  own  direction^  as  a  cylindrical  rod  may  be  made 
am ;  or^  which  comes  to  the  same  thing,  the  reflecting  or 
acting  surface  may  be  made  actually  to  revolve  around  the 
.  as  an  axis,  preserving  the  same  relative  position  to  it  in  all 
)ects,  and  no  change  in  the  phenomena  will  be  perceived. 
But  if,  instead  of  employing  such  a  ray  of  ordinary  light,  we 
ject  to  the  same  examination  a  ray  which  has  been  subjected 
be  action  of  certain  material  bodies,  and  has  become  polarized 
he  way  which  we  have  just  examined,  we  find  this  perfect 
ormity  of  result  no  longer  to  hold  good.  It  is  no  longer 
fferent  in  what  plane,  with  respect  to  the  ray  itself,  the 
icting  or  refracting  surface  is  presented  to  it.  It  seems  to 
3  acquired  sides,  a  right  and  left ;  a  front  and  back ;  and  to 
to  longer  like  the  cylindrical  stick,  but  like  a  four-sided  one. 
e  imagine  a  surface  to  be  made  up  of  detached  fibres,  all 
I  in  one  direction,  or  of  scales,  or  of  laminee,  arranged 
Uel  to  one  another,  we  should  find  no  difficulty  in  thrusting 
;ylindical  stick  through  such  an  arrangement,  in  any  direc- 
;  but  a  flat  ruler  would  only  penetrate  it  in  two  directions. 
rhe  two  rays  of  light,  polarized  in  opposite  planes,  after 
ging  from  a  rhombohedron  of  Iceland  spar,  may  be  repre- 
xl  by  two  such  rulers  presented  to  the  bars  of  a  grating,  in 
«ite  directions;  while  the  thin  edge  of  one  passed  freely 
een  them,  they  would  present  an  impassable  barrier  to  the 
r,  which  would  be  presented  to  them  crosswise.  Supposing 
grating  to  revolve  upon  its  axis,  on  the  completion  of  the 
quadrant,  the  first  would  be  arrested,  and  the  second  would 
;  and  so  they  would  alternately  pass  and  be  stopped  at  each 
rant  of  the  turn. 

Ve  find,  however,  in  Professor  Wheatstone^s  experiments,  to 
ti  we  have  before  referred  (§  214),  a  much  more  refined  and 
"al  analogy  to  the  phenomena  of  polarized  light  in  sound, 
have  already  seen  that  when  a  tuning-fork  is  connected 
one  extremity  of  a  straight  conducting-rod,  the  other  end 
lich  communicates  with  a  sounding-board,  on  causing  the 
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fork  to  sounds  the  vibrations  are  powerfully  transmitted.  But 
on  gradually  bending  the  rod^  the  sound  progressively  decreases, 
and  is  scarcely  perceptible  when  the  angle  becomes  a  right  one. 
As  the  angle  is  made  more  acute  the  phenomena  are  produced 
in  an  inverted  order;  the  intensity  gradually  increases  as  it 
before  diminished^  and  when  the  two  parts  are  nearly  parallel,  it 
becomes  as  powerful  as  in  the  rectilinear  transmission.  By 
multiplying  the  right  angles  in  a  rod^  the  transmission  of  the 
vibrations  may  be  completely  stopped. 

To  produce  these  phenomena^  it  is  necessary  that  the  plane 
of  the  oscillations  of  the  tuning-fork  should  be  perpendicular 
to    the  plane  of   the  moveable  angle,  for  if  they  be  i)arallel 
with  it^  they  will  be  still  considerably  transmitted.     Professor 
Wheatstone  placed  a  tuning-fork  perpendicularly  on  the  side  of 
a  rectilineal  rod^  in  which  position  it  was  maintained  during  the 
experiments:  the  vibrations  were  therefore   communicated  at 
right  angles.     When  the  plane  of  the  oscillations  of  the  foil 
coincided  with  the  rod^  the  intensity  of  the  transmitted  vibn- 
tions  was  at  its  maximum;  in  proportion  as  the  plane  deviated 
from  parallellism^  the  intensity  of  the  transmitted  vibrations 
diminished;  and^  lastly^  when  it  became   perpendicular^  the 
intensity  was  at  its  minimum.     In  the  second  quadrant  the 
order  of  the  phenomena  was  inverted^  and  a  second  maxinmm 
of  intensity  took  place  when  the  plane  of  the  oscillations  had 
described  a  semi-circumference^  and  had  again  become  paraDdj 
but  in  an  opposite  direction.     When  the  revolution  was  con- 
tinued^ the  intensity  of  the  transmitted  vibrations  was  varied 
in  a  similar  manner;  it  progessively  diminished  as  the  plane  of 
the  oscillations   deviated  from   being  parallel  with   tLe  mi, 
became  die  least  possible  when  it  arrived  at  the  perpendicular, 
and  again  augmented  until  it  remained  at  it&  first  maximoniy 
wliich  completed  its  entire  revolution. 

Referring  once  more  to  the  undulatory  theory,  tihe  undiili- 
tions  of  a  ray  of  common  white  light  are  conceived  to  be  efiecfeed 
in  a  direction  at  right  angles  to  that  of  its  path  in  every  imagin- 
able plane  around  it:  by  polarization  these  vibrating  motioDi 
are  reduced  to  two  planes  perpendicular  to  each  other. 

§  251.  This  state  of  polarization  once  acquired  by  UfjtA^ 
is  retained  by  the  ray  in  all  its  future  course  (provided  it  be 
not  again  modified  by  other  bodies),  for  it  matters  not  how 
great  the  distance  bet^'een  the  substance  operating  the  cbanp. 
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ind  the  substance  by  which  it  is  afterwards  analyzed ;  whether 
they  be  in  contact,  or  many  inches,  yards,  or  miles  asunder, 
not  the  least  variation  can  be  perceived  in  the  phenomena  in 
question. 

§  252.  Different  substances  polarisse  light  by  reflexion  at 
different  angles. 

The  angle  for  Glass       .         .         .         .     is  56°  45' 


99 

Water 

53°  11' 

99 

Rock  crystal 

56°  58' 

99 

Iceland  spar 

58°  51' 

99 

Sulphur   . 

(53°  45' 

99 

Diamond 

68°    1' 

§  253.  Light  may  also  be  polarized  by  successive  reflexion, 
from  the  different  surfaces  of  several  plates  of  transparent  sub- 
stances at  other  angles,  as,  for  instance,  from  a  pile  of  five  or 
six  glass  plates:  and  the  portion  which  in  this  case  penetrates 
through  the  pile,  is  found  to  be  exactly  equal  to  the  former, 
and  also  to  be  polarized,  but  in  the  opposite  plane. 

§  254.  But  the  most  interesting,  as  well  as  the  most 
splendid,  of  all  the  phenomena  of  polarized  light,  are  the  vivid 
md  goigeous  colours  which  are  developed  by  the  action  of 
Tyatallized  plates,  imder  certain  conditions.  If  a  ray  of  light, 
xdaiised  in  any  of  the  ways  which  we  have  described,  be  made 
» traverse  a  thin  plate  of  mica,  or  sulphate  of  lime,  which  is 
jerfectly  diaphanous  and  colourless  to  common  light,  and  then 
lulyaed  by  a  plate  of  tourmaline  in  that  particular  position  in 
irliich  withont  the  plate  it  would  wholly  disappear,  the  ray  will 
qppeuTj  bat  ooloured  in  the  most  splendid  manner  with  different 
jntSy  dependent  upon  the  thickness  of  the  plate;  the  tint  will 
ilao  YBfy  with  different  degrees  of  inclination  of  the  plate,  these, 
n  &cty  being  equivalent  to  different  thicknesses.  There  are, 
loweverj  oertain  thicknesses  dependent  upon  the  nature  of 
lie  Cfyttallised  plate^  beyond  which  the  phenomena  are  not 
jrodneecL 

If  tbe  aiialyiuig  plate  be  now  turned  upon  its  axis,  the  ray 
vin  ii»liiK5t  at  tlie  fint  quadrant  the  complementary  colour,  or 
htt  doioiir  whiohj  if  mperimposed  upon  the  first,  would  produce 
iUlB  ViJbAi  hat,  oontanmng  the  rotation^  it  will  re-appear,  at 
im  fomAm  uppoate  to  the  first,  with  the  original  tint.    It 

tiiet- die  origind  polariaed  ray  toffisra  a  bifurcation 
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— ur  bipolai-izatioH,  by  its  passage  tlirough  the  cryatallii 
plate,  and  tlmt  its  plane  of  polarization  is  altered.  This  splitt 
of  tlie  polarized  Tsy  differs  from  that  which  takes  place  wl 
the  rays  pass  from  a  rhonibohedron  of  Iceland  spar  into  anot 
with  its  axis  at  right  angles  to  the  first:  for,  in  the  latter  a 
all  the  rays  are  equally  divided  in  tlie  two  pencils,  and  c 
stitute  white  light,  while  in  the  former  the  colours  of  1 
halves  of  the  spectrum  are  combined  in  the  oppositely-polari 


I  255.  These  phenomena  appear  more  striking  when 
analysis  of  the  ray  is  made  with  Iceland  spar,  for  then  t 
images  are  seen  together  of  comiilementary  colours;  aiid  ti 
are  proved  to  be  complementary  by  their  producing  white  Vi 
at  tlie  point  at  wliich  they  coincide  or  overlap  each  other. 

{  256.  When  the  original  polarized  ray  is  made,  b 
ever,  to  pass  along  the  optic  axis  of  the  crystallized  plate 
exhibits  none  of  these  phenomena. 

Anotlier  series  of  beautiful  appearances  present  tbemw 
when  a  ray  of  white  polarized  light  is  made  to  traverse  pei] 
(licularly  a  plate  of  any  cr)'stallized  substance  with  a  ni 
axis.  If  it  be  then  examined  with  a  plate  of  toumialini 
scries  of  concentric  rings  will  be  perceived,  of  different  i 
vivid  colours.  The  phenomena  will  cliange  their  aspect  ■ 
the  position  of  the  tourmaline.  When  the  axis  of  the  toui 
line  is  in  the  primitive  plane  of  polarization  the  rings  iril 
traversed  by  a  beautiful  black  cross,  extending  its  anni  '■ 
great  distance.  When  the  axis  of  the  tourmaline  is  in 
opposite  direction,  the  black  cross  will  be  replaced  by  a  w 
one,  and  in  all  respects  the  second  image  will  be  cumplemen 
to  the  first  {GS). 


These  chaagea  are  represented  in  the  annexed  figmo. 
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257*  Iceland  spar  (or  calcareous  spar)  presents  this 
non  in  great  perfection)  but  all  other  crystallized 
¥ith  one  axis  of  double  refraction^  exhibit  similar 
of  rings.  It  is^  however,  very  remarkable  that  some 
exhibit  this  action  in  opposite  directions.  Thus,  if  we 
stem  of  rings  formed  by  ice  or  zircon,  and  combine  it 
-stem  of  the  same  diameter  formed  by  Iceland  spar,  the 
ims  will  destroy  one  another;  and  hence  it  is  concluded 
system  of  rings  produced  by  these  crystals  are  positive, 
site  in  character,  to  tlie  negative  system  of  rings  in 
IS  spar. 

258.  Crvstals  which  have  two  axes  of  double  refrac- 

m 

sent  double  systems  of  rings  when  examined  in  the 
y,  and  the  changes  produced  in  the  combinations  of 
I  and  white  crosses  with  the  coloured  rings,  when  the 
md  the  tourmaline  are  turned  upon  their  axes,  are  of 
t  interesting  description,  but  are  too  complicated  to 
•lace  in  the  cursory  glance  which  it  consists  with  our 

design   to    cast    upon  this  beautiful    department    of 
>hilosophy  (64). 
relation  of  the  phenomena  of  double  refraction  to  the 

systems  of  crystallization  has  been  already  pointed  out 

VIII. 


e  p  p' to  represent  the  A^.-^^^.,_  'n 
lineral,  cut  perpendi- 
>  its  axis;  the  polar- 
B  form  a  species  of 
I  cone,  o  B  b',  of  which 
,  0,  is  in  the  eye,  and 
B  B ',  has  a  diameter 

with  the  distance,  and  of  which  the  axis  c  o  coincides  with  the 
the  crystal.     The  different  rays  of  this  cone  experience  very 
effects;  those  which  lie  near  the  axis  c  o,  traverse  the  plate 
deriation,  and  are  therefore  subject  to  two  refractions,  ordinary 
aordinary;  but  these  two  refractions  are  always  accomplished 
jne  plane,  because  every  perpendicular  section  passing  by  the 
ii  a  principal  section.     Moreover,  the  different  rays  a  o,  a'  o, 
distant  from  the  axis,  suffer  very  different  modifications  in 
aes  of  polarization ;  and,  from  the  interference  of  the  rays,  so 
\j  polanzed,  present  the  succession  of  colours  which  we  have 
i 

These  figures  may  convey  an  idea  of  the  phenomena  pre- 
>y  a  crystal  of  nitre,  which  belongs  to  the  Linaxial  systems. 
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( 259.  These  phenomena  are  not  only  presented 
regularly  crystallized  bodies,  but  mechanical  pressure  is  cap 
of  conferring  a  structure  which  will  de%'elope  them.  Thw 
bending  of  a  slip  of  glass  will  enable  it  to  act  upon  polai 
light  at  the  part  of  greatest  tension,  in  the  same  manner 
crystal  of  carbonate  of  lime. 

Plates  of  glass  which  have  been  heated  and  suddenly  cot 
present,  when  analyzed  by  a  polarized  ray  which  has  I 
transmitted  through  them,  rings  and  crosses  and  coloured  i 
which  depend  upon  the  form  of  the  plate;  a  square  plot 
unannealed  glass  thus  examined  presents  at  its  four  an 
small  circular  figures  separated  by  a  large  black  cross.  Tl 
small  circular  figures  also  appear  at  the  comers  of  any  rectsu 
but  the  cross  is  replaced  by  coloured  bands  parallel  to 
greater  sides  of  the  rectangle.  A  round  plate  exhibits  com 
trie  coloured  rings,  intersected  by  a  large  cross;  if  the  cirdi 
ground  down  to  a  square,  the  original  disposition  of  the  col 
will  return;  or  if  the  corners  of  the  square  be  ground  off, 
circles  will  make  their  appearance  (65). 

In  all  these  cases,  upon  turning  the  analyung  plate  npoi 
axis,  the  colours  change  to  tlie  complementary  colours  at 
opposite  quadrants,  and  the  black  cross  to  the  white. 


subjected  to  the  action  of  polarized  light,  in  opposite  positions  ol 
analyzing  plate. 


(65)     These  figures  represent  the  position  of  the  black  catM 
coloured  circles,  in  a  square  and  circular  piece  of  unannealed  riu 


® 


■ 
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}  260.  These  efiects  are  dae  to  the  forced  state  uf  com- 
pRoion  in  which  the  particles  of  the  glass  are  held  1>y  the 
ndden  cooling  of  the  outer  layer,  and  thejr  entirely  disappear 
Then  the  glass  is  perfectly  annealed.  The  direction  of  the 
force,  and  the  consequent  arrangement  of  the  particles,  is 
■Itred  every  time  any  portion  of  such  a  mass,  even  the  slightest, 
ii  removed;  and  thus  by  grinding  the  different  figures  down  to 
c&tn,  the  tension  is  altered  in  certain  directions,  and  their 
coniequent  action  upon  the  polarized  ray  is  also  altered.  If  a 
■qure  sheet  of  caoutchouc  be  stretched  at  its  four  comers,  and 
me  of  them  be  then  cut  off,  the  manner  in  which  it  will  retract 
itidf  from  this  point  will  explain,  by  a  rough  analogy,  the  mode 
in  vhidi  the  particles  of  unannealed  glass  are  affected  by  the 
oechanical  removal  of  any  portion  of  their  aggregate. 

§  261.  There  is  one  more  class  of  these  phenomena  to 

whicb  we  must  yet  refer.     If  a  ray  of  polarized  light  be  passed 

timni^  a  plate  of  quartz,  cut  at  right  angles  to  its  axis,  upon 

Oimination  it  will  not  be  found  polarized  in  the  same  manner 

■•  in  crystals  with  one  axis,  but  the  place  of  the  black  cross 

viU  be  occupied  by  colours  which  fill  up  the  first  ring,  and 

encrnach  upon  the  rest.     These  colours  vary  with  the  thickness 

of  the  plate,  but  they  suffer  no  change  by  turning  the  plate 

muid  upon  its  axis.     Suppose  the  colour  in  the  centre  of  the 

nif  to  be  red;  let  the  analyzing  plate  to  be  turned  round  from 

a^  to  left,  keeping  its  inclination  invariable,  and  the  red 

tdoar  «iU  change  successively  to  orange,  yellow,  green,  and 

tioli^  the  analyung  plate  acquiring,  as  it  were  by  its  rotation, 

r  of  transmitting  these  colours  in  succession;  a  result 

h  k  perfectly  explained  by  supposing  that  the  rays  of  each 

B  cxiloun  are  polarized  in  d^erent  planes.     Upon  trying 

t  ■pmamens  of  quarts,  M.  Biot,  the  discoverer  of  this 

yiriw  of  drcnlar  polarization,  found  several  in  which  the  very 

■me  {Itenomenn  were  produced  by  turning  the  analyzing  plate 

■  Ihe  oppoBte  dixecticm,  from  left  to  right. 

|S6S.  Upon  examining  this  remarkable  property  with 
^^Btaeotu  light  of  different  colours,  it  will  be  found  that, 
^Hftt  yellow  ray  ii  tiuismitted,  it  becomes  fiunter  and 
^^Bk  the  plate  turns  round,  till  at  a  certain  angle  of  rotation 
HRKy  disappears:  the  homt^eneous  red  ray  disappears  at 
»!(■•  ingle  of  rotation;  and  tite  homogencoua  violet  at  agreatar 


*-, 
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The  rotation  of  the  plane  of  polarization  is  proporti( 
the  thickness  of  the  plate^  for  all  plates  cut  from  the 
crystal:  and  upon  placing  two  plates,  one  upon  the 
which  act  in  opposite  directions,  the  cifect  will  be  the 
as  from  a  plate  having  a  thickness  equal  to  the  diff 
between  the  two. 

§  263.  Quartz  is  the  only  solid  substance  which  l 
been  found  to  possess  this  property;  but  some  liquids^  an< 
gases,  are  endued  with  it. 

The  essential  oil  of  turpentine  turns  the  planes  of  po 
tion  from  right  to  left;  the  essential  oil  of  lemons  from 
right.  This  is  the  more  remarkable,  inasmuch  as  the  chc 
art  fsuls'  to  detect  any  difference  in  the  ultimate  composil 
these  two  liquids. 

Solutions  of  camphor  in  alcohol,  and  of  sugar  in 
present  the  same  series  of  phenomena  as  quartz,  only  di 
in  intensity.  The  apparatus  with  which  these  observ 
may  be  made,  consists  of  a  metallic  tube  of  sufficient  1 
closed  at  its  two  ends  with  parallel  plates  of  glass.  Thi 
is  filled  with  the  liquid  to  be  examined,  and  a  ray  of  pel 
light  is  passed  through  its  axis,  which  is  subjected  at  its  € 
ence  to  the  action  of  an  analyzing  plate. 

The  phenomena  are  more  simple,  when  a  ray  of  ho 
neous  light  is  submitted  to  the  experiment,  and  a  par 
glass  stained  with  oxide  of  copper,  answers  the  pi 
perfectly  of  stopping  all  but  the  red  ray.  The  analyzing 
is  set  in  the  centre  of  a  graduated  circle  which,  turning  ^ 
indicates  the  polarizing  angle  vnith  great  accuracy  by  a  i 
upon  its  edge.  Upon  looking  through  such  an  airangi 
no  light  penetrates  the  plate  except  at  this  angle,  wh 
greater  or  less  according  to  the  nature  of  the  liquid^  the 
of  the  interposed  stratum,  or  the  quantity  of  the  subiti 
solution. 

When  liquids  are  mixed  with  each  other,  which  aie 
inactive  or  active  in  the  same  or  opposite  directions^  tik 
effect  is  always  equal  to  the  sum,  or  the  difibrenoey 
separate  actions*  Even  when  they  pass  into  the  state  of  ^ 
they  retain  their  power,  as  M.  Bidt  ascertained  by  eiqiai 
ing  upon  the  vapour  of  turpentine  in  long  tabea. 

§  264.  The  superiority  of  the  undnlBtory 
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frequently  been  manifested  by  the  readiness  with  which  it  has 
been  found  to  meet  unfureseen  phenomena,  as  well  as  the  happy 
predictions  which  it  has  enabled  the  masters  of  science  to 
make  and  verifj-.  Tliese  new  phenomena  of  circular  polari- 
ntion  have  been  immediately  met  and  explained  by  the  sup- 
pcoicion  uf  a  circular  motion  accompanying  the  oscillatory  one 
of  the  particles  of  the  etlier,  which  is  called  into  action  by  the 
nhstances  from  which  it  originates.  To  assist  the  comprehen- 
•ion  of  such  complicated  movements  the  Reverend  Professor 
Ptwell  has  contrived  an  ingenious  machine  by  which  the 
Boreinents  of  particles  in  states  of  plane,  circular,  and  ellip- 
tiol  undulation  may  l>e  roughly  represented.  Such  an  aid 
to  our  first  coiiccptioii  of  a  subject  so  purely  ideal  and  remote 
ftim  experience  is  highly  usefiil,  and  is,  therefore,  described 
Ixlow  (66). 


§  265.  In  the  instances  above  adduced  of  circular  polari- 


(66}  Id  fig.  1,  tie  axis  a  a.'  consists  of  a  stout  iron  irire,  bent  into 
net  ot  craoks,  of  which  the  two  extreme  ones  ore  in  the  same 
and  the  intennediate  ones  in  intermediate  inclinations,  as  is 
I  by  their  pontiona  in  respect  to  the  dotted  cucles  described 
■ftnt  tfcor  eonunon  axis,  a  a.'.  Attached  to  each  crank  bj  a  hinge  or 
PH^  Is  n  long  rod,  B  a.',  &e^  which  passes  through  a  loop,  b  b*,  Bcc, 
pro^Fcting  from  (he  cross  bar  at  top,  c  C,  and  their  lummits  aro  made 
Rniplcuous  by  being  paioted  white,  the  rest  of  the  apparatus  being 
hta^  Th«  hnr,  c  c,  is  attached  to  the  supports  a'  <r  a  o  by  pegs  at 
1  be  removed  without  deranging  the  rods  to  the  positions 
When  die  bar  is  at  d  n^  on  tnrniiig  the  handle^  a  platm 
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zation^  we  are  presented  with  phenomena  dependent,  not  upon 
structure, — that  is  to  say,  the  positions  and  mutual  distances  ol 
the  particles  with  regard  to  each  other, — ^but  upon  the  nature  oJ 
the  ultimate  particles  themselves.  This  peculiar  action  oJ 
matter  upon  light  may  even  afford  the  means  of  detecting 
varieties  in  the  nature  of  substances  which  elude  the  mon 
direct  means  of  chemical  examination,  and  M.  Bidt  has  shown 
that  mixtures  of  the  sugar  of  the  cane  and  of  grapes  may  thai 
be  recognised  and  estimated,  which  would  utterly  defy  the 
powers  of  chemical  analysis* 

He  has  applied  the  property  with  success,  as  a  test  of  tbe 
value  of  different  samples  of  the  expressed  juice  of  beet-root  in 
the  manufacture  of  sugar,  and  has  thus  conferred  even  a  com- 
mercial importance  upon  a  discovery,  which  at  first  appeared  to 
have  as  little  relation  as  possible  to  the  arts  or  conveniences  of 
life. 

He  has  also  applied  it  to  the  determination  of  the  existence 
and  quantity  of  sugar  in  the  urine  of  diabetic  patients.  The 
progressive  influence  of  remedies  upon  this  formidable  disetie 
may  thus  be  determined  from  day  to  day  by  simple  inspectxmi 
and  the  physician  can  direct  his  practice  accordingly. 

An  apparatus  which  can  exhibit  all  these  phenomena  with 
sufficient  precision  for  purposes  of  illustration,  and  which  cw 
be  constructed  at  a  moderate  expense,  has  been  contrived  bf 
Professor  Powell,  and  is  described  below  i^idth  his  kind  per 
mission  (67)* 

§  266.  Another  curious  application  of  the  properties  of 
polarized  light  has  been  made  to  practical  purposes;  andsudi 


horizontal  wave  is  produced  by  the  balls;  when  at  d'  d',  an ^ 

and  when  at  vt"  vl\  a  circular  wave.    At  fig.  2,  an  attempt  has  been 
made  to  represent  the  balls  in  a  state  of  elliptical  movement 

It  is  to  the  balls  alone  that  the  attention  is  to  be  directed,  Ac 
mechanism  by  which  their  motions  are  produced  being  out  of  Ai 
question;  and  it  must  be  remembered  that  their  motions  only  appnni- 
matively  represent  to  the  eye  the  path  which  each  particle  is  sappoiSJ 
to  describe. 

(67)  The  apparatus  represented  in  the  next  page  is  fixed  terti 
cally  upon  any  opnvenient  support  The  light  from  a  flame  or  fern 
the  clouds  is  thrown  into  the  required  direction  by  a  mall  ph» 
mirror,  s,  into  the  polarising  mirror,  p,  inclined  at  the  proper  aa^  ft 
the  axis.     It  thence  passes  throngh  a  small  apertura  npthesxiiflM 
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eninples  furnish  an  admiiable  rehuke  to  those  who  affect  in 
dicir  ignorance  to  treat  vith  disdain  all  such  scientific  researches 
u  aunot  at  once,  according  to  their  narrow  notions,  be  ren- 
dered lu^/. 

It  is  well  known  that  in  dangerous  navigations,  a  commander 
rfiihip  win  place  himself  at  the  mast-head,  for  ^e  purpose  of 
more  clearly  seeing  the  rocks  and  shoals  at  the  bottom  of  the 
Kti  experience  has  taught  him  that  &om  this  lofty  position 
tbe^  ire  more  visible  than  &om  the  deck.  The  reaaon  of  this 
a  ippofcnt  from  the  common  laws  of  the  reflexion,  and  refrac- 
tim  of  light:  the  greater  the  angle  of  reflexion,  the  greater  the 
qnuitity  of  light  which  is  turned  aside,  and  the  less  that  which 
penetrates.  The  refracted  light  from  the  bottom  of  the  sea  is 
Dot  perceptible  amidst  the  glare  of  that  which  is  reflected  to  the 
lover  position,  for  the  eye  cannot  appreciate  an  addition  of  less 
lliin  ^th  of  the  whole  quantity  which  afl'ects  it;  but  at  the 
RuUer  angle  from  the  higher  position,  the  reflected  light  is  so 
(fiminished  that  the  refracted  pordon  makes  its  due  impression. 
Now  this  purpose  is  still  more  effectually  attained  by  viewing 

the  objects  at  the  bottom  of  the  sea  through  a  polarizing  tube; 

fbrat  the  proper  polarizing  angle,  nearly  the  whole  of  the  re- 

Bected  light  may  be  extinguished,  and  they  become  perfectly 

viable  by  their  direct  refracted  light. 


loM  tube,  T,  in  which  is  incloted  a  common 
Hiti  tiilis.  from  6  to  34  inches  in  length,  filled 
wUb  &e  liquid  voAvt  examination, 

Tk»  analyibig  part,  a,  consiits  of  a  gra- 
faalcd  rim,  w,  fra  mMsoring  the  rotation  of 
Aetodez,  t,  attached  to  the  tube  containing 
a,  •  Aomb  of  Iceland  spar,  at  least  1  inch  or 
}  Akk  ia  ita  natual  state,  having  a  very 
imO  boli^  H,  at  &e  bottom,  through  which 
tta  l^fat  is  admitted.  In  the  upper  part, 
■M&ar  tobe  iKdes,  canying  a  lens,  l,  which 
nujciiifies  ihe  separation  of  the  images,  and 
gJTet  two  sufficiently  laig«  well-defined  cir- 
ctiUt  iinitges  of  u,  in  nhich  all  the  dianges  of 
tint  call  I«  distinctly  obserred. 

Rapports  are  omitted  in  the  figure,  and 
nuoni  dioold  be  provided  for  measuring,  as 
•enmlclj  as  possible,  the  length  of  liquid 
tnvmitd  bjr  the  ray  in  the  tnbe. 
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§  287-  Radiant  hcat^  as  contradistinguished  fromUght 
is  subject  to  all  the  laws  of  optical  phenomena,  but  is  variouslr 
affected  and  modified  by  different  forms  of  matter,  according  tu 
the  intensity  with  which  it  is  propagated  or  projected,  live 
recent  experiments  and  investigations  of  M.  Melloni,  have 
even  rendered  it  highly  probable  that  differences  exist  between 
obscure  rays  of  heat  which  are  analogous  to  the  differences 
bet\i'een  the  coloured  rays  of  light;  which  although  they  cannot, 
like  the  latter,  1)e  made  the  objects  of  sight,  may  be  established 
by  certain  physical  properties  and  relations:  just  as  different 
physical  properties  may  be  found,  independent  of  their  cokrar, 
in  the  different  rays  of  luminous  spectra. 

Radiant  heat  like  light,  can  pass  tlux>ugh  a  few  substanoeii 
but  is  arrested  by  the  greatest  number,  and  is  subject  to  re- 
flexion, absorption,  secondary  radiation,  refraction,  and  poltf- 
ization. 

But  what  shall  we  say  with  regard  to  the  nature  of  tbb 
extraordinary  agent  which  we  thus  loosely  designate  as  heit? 
The  idea  of  a  medium  of  communication  between  its  source  ud 
the  objects  affected  by  it  is  as  necessary  as  in  the  case  of  li^ 
and  the  reasons  which  direct  us  to  the  hypothesis  of  undulations 
in  an  ethereal  medium  are  as  valid  for  one  case  as  the  other. 
Tlie  supposition  of  a  second  ether  interpenetrating  the  lund- 
niferous  ether  would  be  extravagant;  but  if  we  conceive  the 
vibrations  to  take  place  in  the  same  elastic  medium,  how  do 
the  calorific  undulations  differ  from  those  which  constitiite 
light?     In  direction?  in  velocity?  in  intensity? 

If,  again,  we  admit  the  explanation  with  regard  to  radiant 
heat,  how  shall  we  apply  the  hypothesis  to  the  different  rlnfi 
of  phenomena  which  we  have  already  examined?  to  the  pheno- 
mena of  specific  heat?  of  latent  heat?  &c. 

The  boldest  imagination  could  scarcely  form  a  oonoeption  of 
undulations  rendered  latent  without  annihilation  s  laid  up  in 
store,  as  it  were,  and  capable  of  being  drawn  forth  at  pleMiv 
in  full  measure  and  intensity. 

We  cannot  have  a  better  exemplification  of  the  true  vdne 
and  use  of  such  hypotheses,  and  we  ought  never  to  Iom  m^d 
the  great  lesson  which  ia  conveyed  by  the  instance  bdbw^'Vk' 
vis.,  that  such  conjectures,  however  happy  diey  mxy  bemArir 
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^iplicatioiis,  should  never  be  dogmatically  contended  for  as  the 
troe  physical  explanation  of  the  phenomena,  but  only  regarded 
u  oMfiil  gener^iEations  and  temporary  helps  towards  that  com- 
pleteness of  knowledge  which  may  not  be  within  the  reach  of 
Din  in  his  present  condition,  but  for  the  attainment  of  which 
bt  ii  pennitted  and  encouraged  to  strive. 

With  a  view  to  such  useful  and  practical  application,  the 
tfpothesis  of  emission  is  best  adapted  to  the  calorific  pheno- 
oenk  which  we  have  examined;  according  to  which  bodies  are 
Rneared  to  consist  of  particles,  each  of  which  gathers  round 
it,  by  its  attraction,  a  quantity  of  an  imponderable  highly  elastic 
fluid,  to  which  the  name  of  calorie  has  been  ^ven;  that  the 
pnticles  of  the  bodies  attract  each  other,  besides  attracting  the 
oloric,  and  that  the  particles  of  the  caloric  repel  each  other. 

The  phenomena  of  radiation  are,  on  the  other  hand,  best  and 
wnt  elegantly  explained  by  the  undulatory  hypothesis  of  an 
tibtnal  medium;  and  to  these  let  us  now  turn  our  attention. 

§  268.  When  the  rays  of  unmixed  light  are  absorbed, 
thty  escape  the  cognizance  of  our  senses:  but  when  tlie  calorific 
(^  m  absorbed,  they  produce  the  sensation,  and  universal 
opuision,  of  heat.  If  a  perfectly  transparent  colourless  glass 
\At  be  filled  with  ether,  and  be  placed  in  the  rays  of  the  sun, 
ftty  will  be  freely  transmitted  without  raising  the  temperature 
<f  the  liqmd:  but  if  a  piece  of  charcoal  be  immersed  in  the 
tAs,  the  ladiant  heat  will  be  arrested,  and  the  temperature 
■iU^ieedily  rise  to  the  boiling-point. 

It  is  impossible  to  examine  and  experiment  upon  the  light 
I'b  nnbeKm,  without  observing  that  it  is  accompanied  in  all 
Aifleetions  by  calorific  rays.  We  obtain  foci  of  heat,  as  welt 
**  fanninoua  foci,  £rom  concave  metallic  mirrors  and  convex 
^■M  lenies,  according  to  the  laws  of  reflexion  and  refraction. 
*W  km,  however,  of  this  radiant  force  are  best  studied  in  its 
?fli«€tion  from  terrestial  bodies,  whose  temperature  is  under 
"'■r  command,  and  may  be  varied  for  the  purposes  of  experiment. 

^  269.  The  intenrity  of  isdiant  heat,  like  that  of  light, 
■"d  for  the  same  reason,  decreases  as  the  square  of  the  distance 
^tbc  source  of  the  rays: — thus,  if  a  thermometer  protected 
^  dio  influence  of  nil  cUaturbing  causes,  be  observed  to  rise 
'  f*!^  number  of  degraei  at  one  inch  distance  from  a  heated 
""fvt,  it  will  incUcate  foor  times  less  heat  at  two  incJiea; 
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nine  times  less  at  three  inches;  and  sixteen  times  lessatfaoi 
inches. 

§  270.  The  primary  law  of  reflexion  at  an  angle  equal  ti 
the  angle  of  incidence,  is  also  easily  recognised  by  holding  1 
bright  metallic  plate  before  a  common  fire;  the  rays  of  ha 
may  then  be  turned  in  any  direction  according  to  this  law,  ani 
tested  by  our  sensation ;  when  we  see  the  image  of  the  fire  ii 
the  mirror  we  also  feel  its  heat. 

If  we  fix  two  concave  metallic  mirrors,  at  a  distance  apu 
of  about  ten  or  fifteen  feet,  with  their  axes  in  the  same  fin 
and  with  their  faces  parallel  and  opposed  to  each  other,  upa 
placing  a  thermometer  in  the  focus  of  one,  it  will  be  fomi 
sensible  to  the  effects  of  a  heated  body  placed  in  tlie  focus  c 
the  other.  It  is  easy  to  assure  ourselves  that  the  efiect  i 
owing  to  reflexion,  and  not  to  the  direct  radiation  of  the  heato 
body,  by  removing  the  thermometer  out  of  the  focus,  am 
approaching  it  towards  the  source  of  heat,  when  it  will  be  foon 
to  fall;  or  the  same  return  to  its  ori^al  state  may  be  produoa 
by  placing  a  screen  between  the  thermometer  and  its  owi 
mirror:  when  the  reflected  rays  vnR  be  cut  off,  although  th 
direct  communication  with  the  radiating  body  will  still  be  opa 
In  the  same  way  when  a  red-hot  iron  ball  is  placed  in  00 
focus,  a  piece  of  paper  will  be  scorched  in  the  other,  an 
gunpowder  and  phosphorus  may  be  inflamed  even  when  d 
temperature  of  the  ball  is  below  ignition  (68). 

The  heated  body  placed  in  one  of  the  foci  of  these  oonjngpl 
mirrors  throws  off"  its  rays  in  all  directions,  and  those  wbk 
strike  upon  the  surface  of  the  nearest  mirror  are  reflecfeo 


(68)  Theaimra 
figure  shows  the  4i 
posidoB  of  Um  ^p 
ratuB,  A  and  m  a 
the  two  poIialMd.  ■ 

|\mz;;:;;:::z:::z:;:::::::zz:zjj^    taiuc  mimi^ 

If  LI    hot  iron  ban  is  (las 

II  I  I    in  the  fbeiU|  c^  of  I 

^       ^  A        A  mimir,     a^    Umm 

which  it  ndiite^ 
heat.  The  dlTeiging  rays  are  reflected  in  a  parallel  diicoliqiinw 
by  a  second  reflexion  from  which  they  aie  rendered  nmiTfiiw^ai 
fid!  upon  the  thermometer,  n,  placed  in  the  fiicoa  to  noeiv»;flipj|^ 
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MCDrding  to  the  law  which  has  been  so  often  stated,  in  a 
pinllcl  direction  upon  the  surface  of  the  second  mirror,  where 
tbey  undergo  a  second  reflexion,  and  according  to  the  same  law 
ire  nude  to  converge  at  the  second  focus,  and  there  act  with 
llieiT  concentrated  energy. 

f  271-  Reflexion  from  the  concave  surface  of  a  hollow 
com  also  causes  rays  of  light  or  heat  to  convei^  to  a  focus, 
ind  those  who  have  not  the  command  of  conjugate  mirrors, 
nch  as  have  heen  just  described,  may  easily  verify  the  above 
RiultB  simply  by  a  sheet  of  gilt  paper,  rolled  up  into  the  form 
[ifitnincated  cone  with  the  metallic  surface  inwards.  If  a  hot 
biU  be  placed  at  the  large  extremity  of  this  cone,  the  radiant 
hat  will  be  reflected  to  a  focus  beyond  the  smaller  end,  and 
piMphonis,  &c.,  may  be  fired. 

A  silver  table-spoon,  held  between  the  lingers  before  a 
bright  fire,  in  such  a  way  as  to  reflect  the  light  upon  the  hand, 
viH  bum  the  hand,  or  even  scorch  a  piece  of  paper  which  may 
be  interposed, 

J  272.  Bright  metallic  bodies  being  the  best  reflectors  of 
i«t^  in  the  experiments  above  described,  the  temperature  of 
^miiTora  is  not  appreciably  raised;  but  if  their  surfaces  be 
dolled,  aa  by  coating  them  with  lamp-black,  the  rays  are 
■bawbedby  the  mirror  which  is  the  nearest  to  the  heated  body; 
I  hot,  and  a  small  and  almost  inappreciable  quantity 
1  to  the  second  mirror.  Bodies,  however,  which 
I  abioTh  radiant  heat,  throw  it  off  again  by  a  secondary 
,  and  scatter  it  in  every  direction  as  from  a  centre; 
ad  it  has  been  ascertained  by  the  beautiful  experiments  of 
Sr  John  Leslie,  that  the  best  absorbents  of  heat  are  the  best 


Hett  jMOpigBted  by  regular  reflexion,  loses  none  of  its 
'  by  increasing  the  distance  which  it  has  to  traverse, 
,  nmntte  quantity  which  is  due  to  the  absorption  of  the 
1  tfaroogb  which  it  passes;  but  when  propagated  by 
r  Tadbtion,  it  decrrases  directly  aa  the  square  of  the 
Two  poitions,  therefore,  under  these  Afferent  cir- 
mmstancea,  may  easily  be  distinguiahed  &om  each  other  by 
these  different  properties. 
I  MBnflrTinn  tekes  placo  from  the  snrfiuxs  of  bodies  wMeh 
L^faj^  ti»e   property,  but  ndiftlKni  is  npposed  to  take  jdaoe 
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not  from  the  exact  surface  alone  of  the  hot  body,  but  from  i 
particles  situated  within  a  certain  small  depth  of  the  sorfac 
On  this  supposition,  a  ray  emitted  obliquely  from  an  intera 
particle  will  be  less  intense  than  one  sent  forth  perpendicular 
the  surface,  because  the  former  will  be  intercepted  in  a  great 
degree,  having  a  greater  length  of  path  within  the  body;  and 
has,  in  fact,  been  shewn  that  the  radiative  intensity  is  as  tl 
sine  of  the  angle  made  by  the  ray  with  the  surface. 

§  273.  Sir  J.  Leslie  obtained  most  of  his  results  ap 
the  radiating  and  absorbing  powers  of  bodies  with  the  man 
apparatus  of  a  cubic  tin  canister,  which  he  heated  by  filling 
with  boiling-water,  and  then  by  coating  three  of  the  sides  wi 
different  substances,  he  compared  their  several  effects  upon 
delicate  thermometer,  placed  at  the  same  distance  from  eac 
with  that  of  the  fourth  side  which  was  left  in  its  bright  ai 
polished  state.  By  these  means  he  found  that  taking  t 
quantity  of  heat  radiated  by  lamp-black  as  100,  the  radiatii 
power  of  a  surface  covered  with  glue  was  80,  and  of  the  de 
metal  12.  The  following  table  was  also  constructed  from  Fr 
fessor  Leslie's  experiments: — 


Table  XXXIV. 

Tjamp-black 
Sealing-wax 
Writing-paper 
Crown-glass 
China  ink 

.  100 
.     95 
.    98 
.    90 
.    88 

Red  lead  . 

.    80 

Plumbago 

.     75 

Radiating  Powers. 

Tarnished  lead  . 

.    45 

Clean  lead 

.    19 

Polished  iron     . 

.    16 

Tin 

Gold            !•  t  J 
Silrer     V^'^ 

.     IS 

Copper  J 

He  also  found  that  the  direction  of  the  lines  by  which  tl 
surface  was  roughened  had  a  considerable  effect  upon  the  reio 
He  scratched  a  bright  metallic  surface  with  a  number  of  linfls 
one  direction,  and  found  the  force  of  radiation  increued:  i 
then  scratched  a  similar  surface  with  the  same  number  of  lim 
half  of  which  crossed  the  others  at  right  angles^  and  obteind 
still  greater  effect.  The  power  of  projection  seemed  to  depfl 
upon  the  niunber  of  points  produced. 

{  274.  M.  MeUoni  has  lately  ascertained  by  eijieiiiil 

ihat  these  diffsrenoes  in  metallic  bodies  do  not  mm  Ai 
difierenoes  in  the  state  of  their  sorfiaoeaj,  bat  fimm  -^l^ttfiii: 
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their  densities.  To  determine  this^  it  is  necessary  to  make  the 
observations  with  metals  which  are  not  easily  oxidizable;  for 
the  thin  coat  of  oxide  which  forms  upon  tin^  or  zinc^  or  brass^ 
ii  known  to  radiate  much  better  than  the  metals  themselves. 
He  formed  two  vessels  of  pure  silver^  one  of  well-hammered 
plate,  and  the  other  of  cast  metal  slowly  cooled.  He  polished 
one  side  of  each  very  highly^  and  the  other  he  scratched  with 
emery  paper  in  one  direction  only,  and  filling  them  both  with 
hot  water,  he  found  the  following  difference: — 


iQojFor  the  poliaihed  face  of 
1    the  hammered  metal. 

igofFor  the  scratched  £ice  of 
1    the  same. 


|oOM(For  the  polished  face  of 
1     the  cast  metal. 

Il°.3{ 


For  the  scratched  face  of 
the  same. 


Comparing  these  results  it  will  be  found; — 1st.,  That  in  the 
case  of  the  polished  surfaces,  the  cast  metal  radiated  nearly  -^rd 
more  than  the  forged;  showing  the  superiority  of  the  lesser 
density; — 2dly.,  That  in  the  case  of  the  scratched  surfaces,  not 
only  does  the  hammered  metal  show  an  augmentation  of  radiant 
power  of  ^ths,  but  the  cast  metal  a  diminution  of  nearly  -J^th. 

The  latter  unexpected  effect  arises,  according  to  M.  Melloni, 
from  the  compression  of  the  soft  surface  of  the  cast  metal  by 
the  action  of  the  hard  emery. 

§  275.  The  relation  of  the  powers  of  reflexion,  absorp- 
tion, and  radiation,  and  the  equality  of  the  two  latter  in  similar 
mr&cesy  is  well  shown  by  an  experiment  of  Dr.  Ritchie.    He 
placed  a  hollow  metallic  vessel  ^ed  with  hot  water,  between 
Ae  two  metallic  discs  of  an  air  thermometer.    The  surface  of 
one  disc  was  bright  and  polished,  and  of  the  other  covered  with 
kmp-black.    One  of  the  surfaces  of  the  heated  vessel  was 
aibo  bright  and  polished,  and  the  opposite  surface  similarly 
bhctoncd.     When  the  apparatus  was  so  arranged  that  a  black 
via  o|ipcMed  to  a  metallic  surfiace,  no  effect  was  produced  upon 
fliftfiqoid  of  the  thermometer;  but  when  the  blackened  surface 
flf  die  Iteated  vessel  was  opposed  to  the  blackened  disc,  the 
— IHrntinw  of  the  air  indicated  a  strong  transmission  of  heat. 
hk  die  fint  pontion,  the  good  radiating  surface  of  the  heated 
WM  opposed  to  the  good  reflecting  disc  of  the  thermo- 
1^  and  ifei  bed  radiating  sur&oe  to  the  good  absorbent 
inid  the  actiona  were  exacdy  balanced;  but  in  tbe 
|iiiialifm^  die  good  radiating  surfiace  was  opposed  to  the 
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good  receptive  surface^  and  the  two  bright  metallic  surfaces  to 
each  other^  so  that  everydiing  favoured  the  transmission  of  heat 
n  one  side^  and  stopped  it  on  the  other  side,  and  the  Uquid  of 
tlie  thermometer  instantly  indicated  the  inequality. 

§  276.  These  principles  may  be  readily  illustrated  by 
easy  experiments,  or  by  die  results  of  common  experience.  li 
we  take  two  equal  tin  vessels,  brighten  the  surface  of  one,  and 
blacken  the  other,  we  shall  find  upon  filling  them  with  kol 
water,  that  the  water  in  the  blackened  vessel  will  cool  mud 
faster  than  that  in  the  bright  vessel.  The  water  in  a  biigh' 
silver  tea-pot  will  retain  heat  much  longer  than  water  of  tb 
same  temperature  in  one  of  earthem^i-are;  and  hence  the  supe 
riority  of  the  one  over  the  other  for  preparing  the  infusion 
The  furniture  of  the  kitchen  will  also  afford  abundant  appanta 
for  illustrating  the  principles  of  radiation,  absorption,  an 
reflexion,  and  their  economical  applications.  If  the  bottom  c 
the  kettle  be  bright,  we  shall  scarcely  be  able  to  boil  the  vate 
which  it  contains:  but  the  moment  it  becomes  covered  vitl 
soot  the  heat  freely  passes  into  it.  If  the  whole  of  its  surface  b 
blackened,  the  water  will  soon  cool  when  removed  from  the  fin 
and  it  is  in  its  most  efficient  state  when  its  sides  and  top  ar 
bright,  and  its  bottom  coated.  By  the  meat-screen  and  th 
Dutch  oven  the  radiant  heat  of  the  fire  is  reflected,  and  con 
centrated  upon  the  operations  which  are  carried  on  belum 
them;  and  innumerable  other  instances  might  be  adduced  i 
which  experience  and  observation  had  probably  long  aiitidpata 
the  conclusions  of  experiment  and  science. 

Pipes  for  the  conveyance  of  hot  water  or  steam  should  b 
kept  perfectly  bright  and  polished;  while  at  those  parts  wliei 
they  are  destined  to  give  out  the  heat  to  the  surrounding  atOM 
sphere  they  should  be  roughened,  or  coated  with  some  gpo 
radiating  substance.  By  attending  to  such  circumstanoesy  iriiic 
might  to  the  uninformed  appear  trifling  and  unimportant^  tl 
consumption  of  fuel  in  the  steam-engine  itself  has  been  great; 
-  economized. 

The  thinnest  coating  of  gold  leaf  covering  the  Sngstj  w 
enable  a  person  to  approach  it  witliin  a  very  small  distance  d 
red-hot  iron  or  other  incandescent  body;  while,  if  nnprotecbB 
it  would  be  burnt  at  ten  times  the  diiatance.  And  Aa  ssb 
reflecting  power  may  be  rendered  visible  by  gilding  some  lottB 
upon  a  sheet  of  paper,  and  holding  a  red-hot  iron  over  tiba 
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vfaen  the  uncovered  intervals  will  be  scorched,  but  the  letters 
thenuehres  will  be  untouched  and  conspicuous. 

§  277>  The  radiation  of  heat  is  one  of  the  most  impor- 
tant processes  in  the  economy  of  nature,  and  it  is  one  of  the 
means  by  which  equilibrium  of  temperature  is  brought  about. 
Not  only  does  heat  travel  from  a  hot  to  a  cold  body  by  the 
jMOoesses  of  conduction  and  convection,  which  we  have  before 
siimined,  but  it  is  projected  from  the  one  and  absorbed  by  the 
itiber,  at  a  rate  dependent  upon  the  state  of  the  surfEtoes  of  the 
!V0.  In  every  assemblage  or  system  of  bodies,  as  for  instance 
ht  various  objects  in  a  room,  there  is  a  tendency  in  each  to 
idiate  its  heat;  which,  if  met  by  an  equal  force  or  exchange 
n  others,  or  in  the  walls  of  the  apartment,  is  balanced  or 
Mrained;  but  if  any  inequality  exist  in  the  system,  the  pro- 
jection takes  plm»  towards  the  weaker  point  till  the  balance  is 
tutored  by  absorption. 

The  same  radiation  takes  place  upon  a  large  scale  from  all 
tiie  substances  upon  tiie  surface  of  the  earth  towards  the  r^ons 
of  apace;  which,  if  not  met  and  counteracted  by  the  radiation 
inm  the  sun,  would  soon  annihilate  all  organic  being  by  the 
npns  of  an  eternal  frost. 

§  278.  We  may  easily  obtain  evidence  of  this  tendency 
bj  placing  in  the  focus  of  a  concave  metallic  mirror  the  bulb  of 
a  tbermometer,  covered  with  some  good  radiating  substance,  as 
4e  abort  white  fibres  of  wool  or  cotton.  By  turning  this  appa- 
ntns  towards  the  dear  sky,  the  thermometer  will  fall  several 
degrees.  It  is  protected  by  its  position  from  the  radiation  of 
■vroonding  objects,  and  its  own  radiant  heat  is  projected 
towards  the  clear  space,  or  falling  upon  the  concave  surface  of 
tte  mirror,  is  reflected  in  parallel  lines  in  the  same  direction. 
Hua  effect  is  produced  even  while  the  sun  is  above  the  horizon, 
provided  the  mirror  be  turned  from  the  direct  rays  of  that  lumi- 
nvf;  and  at  night  a  depression  of  seventeen  degrees  below  the 
toperature  of  the  air  and  surrounding  objects  may  commonly 
be  produced.  Perfect  stillness  of  the  atmosphere  is  necessary, 
^  perfect  transparency  also,  for  otherwise  the  balance  of  tem- 
pcntare  is  soon  restored  by  convection,  and  the  slightest  mist 
^Nxoys  the  effect  by  a  counter-radiation. 

{  279.  It  was  upon  these  principles  that  Dr.  Wells  first 
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explained  the  fonnation  of  dew  in  one  of  the  most  beautifiil 
experimental  essays  which  ever  graced  the  annals  of  inductive 
philosophy.  He  ascertained  that  the  formation  of  this  impor- 
tant phenomenon  was  always  preceded  by  the  cooling  of  the 
body^  upon  which  it  was  deposited^  below  the  temperature  ami 
dew-point  of  the  air^  by  radiation.  Hence  it  is  that  the  best 
radiating  substances^  such  as  the  fibrous  and  filamentou 
textures  of  vegetables,  collect  this  moisture  most  abundantly; 
and  the  short-mown  grass-plat  will  be  covered  with  it,  wUle 
the  gravelled  walk,  or  compact  road  by  its  side,  will  remib 
perfectly  dry:  and  hence  it  is  that  dew  never  forms  on  a  cloody 
night,  or  when  there  is  wind  enough  to  restore  the  balance  of 
temperature  by  its  circulation. 

§  280.  If  in  one  of  the  foci  of  the  conjugate  miiron 
before  described,  a  piece  of  ice,  or  a  glass  filled  with  a  freesing 
mixture,  be  placed  instead  of  a  heated  body,  the  thermometer 
in  the  other  focus  will  indicate  a  depression  of  temperature; 
and  the  experiment  has  sometimes  been  referred  to  as  pnmng 
cold  to  have  a  positive  existence,  distinct  from  heat;  but  die 
phenomenon  is  easily  explicable  upon  the  principles  wliidi 
we  have  already  laid  down,  without  reference  to  any  new  hypo- 
thesis. In  the  new  arrangement,  the  thermometer  is  the  hotter 
body,  and  radiating  its  heat  upon  the  nearest  mirror  the  rqs 
are  projected  upon  the  second,  and  collected  in  the  focus,  where 
they  are  absorbed  by  the  ice;  and  as  no  adequate  retam  ii 
made,  the  temperature  of  the  thermometer  necessarily  ftUi- 
The  eifect  is  exactly  the  same  as  that  of  radiation  directed  into 
clear  space,  just  described,  which  was  referred,  by  Sir  J.  Leslie^ 
to  cold  pulses  shot  downwards  from  the  sky. 

Radiation,  however,  was  ascertained  by  Sir  H.  Davy  to 
proceed  with  greater  energy  in  vacuo  than  in  the  air.  He,  by 
means  of  the  voltaic  battery,  ignitecf  charcoal  placed  in  Ae 
focus  of  a  small  mirror  confined  in  the  exhausted  receiver  of  u 
air-pump.  The  receiver  being  exhausted  to  y^th^  the  eflEbct 
upon  a  thermometer  placed  in  the  focus  of  another  minor 
below,  was  nearly  three  times  as  great  as  when  the  air  was  m  to 
natural  state  of  condensation. 

§  281.  The  law  of  the  cooling  of  bodies  by  mdiatioB, 
which  is  approximately  stated  for  low  temperatures  by  uspBg 
that  the  temperature  communicated  is  proportionsl  to.  tlu 
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of  temperature,  was  more  correctly  ascertained  by  the  researches 
of  MM.  Dulong  and  Petit.  They  found,  1st,  that  in  vacuo 
the  quickness  of  cooling  for  a  constant  excess  of  temperature 
increases  in  geometrical  progression,  when  the  temperature  of 
the  surrounding  space  increases  in  arithmetical  progression. 

2ndly,  that  the  quickness  of  cooling,  so  far  as  it  depends  on 
the  excess  of  temperature  of  the  hot  body,  increases  as  the 
terms  of  a  geometrical  progression  diminished  by  a  constant 
number,  when  the  temperature  of  the  hot  body  increases  in 
Biithmetical  progression. 

§  282.  It  has  long  been  known  that  the  heating  power 
of  the  sun^s  rays  depends  upon  the  colour  of  the  surfaces  upon 
which  they  fedl;  and  that  dark  and  black  bodies  are  more 
heated  than  those  which  are  of  light  tints,  or  white.  The  fact 
was  proved  by  Dr.  Hooke  and  Dr.  Franklin,  who  placed  pieces 
of  cloth,  of  similar  texture  and  size,  upon  snow,  allowing  the 
sun's  rays  to  fall  equally  upon  them.  The  dark  specimens 
always  absorbed  more  heat  than  the  light  ones,  and  the  snow 
beneath  them  melted  to  a  greater  extent  than  under  the  others; 
and  they  remarked  that  the  effect  was  nearly  in  proportion  to 
the  depth  of  the  shade.  With  regard  to  this  experiment,  the 
difierent  colours  stood  in  the  following  order, — black,  blue, 
green^  purple,  red,  yellow,  white. 

It  ia  probable  that  the  absorption  of  some  kinds  of  terrestrial 
heat  may  also  be  affected,  in  some  degree,  by  the  colour  of  the 
ohjecti  upon  which  the  rays  may  fall;  but  such  a  distinction  of 
kinds  we  must  proceed  to  established. 

I  283.  We  have  now  to  inquire  how  radiant  heat  is 
■flEected  by  its  passage  through  such  bodies  as  it  can  penetrate 
■  and  tmverse.  All  the  ordinary  phenomena  which  we  observe, 
fedse  {daoe  through  the  medium  of  the  atmosphere,  and  radiation 
will  proceed  through  any  gaseous  medium.  The  experiment  of 
flir  H.  Dsvy  has  however  just  been  referred  to,  to  prove  that  it 
procaeda  with  least  obsfaruction  in  vacuo.  Observation  has 
also  prorad  diat  the  intensity  of  the  solar  rays  is  greater  upon 
tibe  summit  of  a  lofty  mountain  than  at  its  base;  and  it  has 
Insaoaloiihted  that  about  one-fifth  of  the  solar  heat  is  absorbed 
itt  piMiq;  throve^  a  column  of  6000  feet  of  the  purest  air. 
sJ^igM  by  the  passage  of  lig^t  through  different  transparent 
tBstinriiwh  different  kinds  of  luminous  imys^  so 
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by  the  same  means  we  are  enabled  to  detect  different  kinds  of 
calorific  rays. 

§  284.  Sir  Wm.  Herschel^  in  examining  the  solar  ray  by 
means  of  a  prism  of  flint-glass^  found  the  greatest  heat  in  the 
red  ray^  or  even  in  Uie  dark  space  a  little  beyond  it;  and  conduded 
that  radiant  heat  was  less  refrangible  than  the  least  refrangible 
of  the  rays  of  light.  Professor  Seebeck  subsequently  ascer- 
tained that  the  place  of  the  maximum  of  temperature  in  the 
solar  spectrum  depends  upon  the  chemical  composition  of  the 
substance  of  which  the  prism  is  made.  With  a  hollow  prism 
filled  with  sulphuric  acid^  it  fell  within  the  limits  of  the  orange 
space^  and  with  water  within  those  of  the  yellow. 

§  285.  In  experimenting  with  colourless  and  perfectly- 
polished  and  transparent  glass^  one  striking  difference  inune- 
diately  occurs  bet\i'cen  solar  heat  and  the  radiant  heat  of 
terrestrial  bodies;  it  allows  the  rays  of  the  former^  like  the  rays 
of  lights  to  pass  through  it  with  little  obstruction^  while  it 
almost  wholly  arrests  the  progress  of  the  latter.  The  rays 
of  heat^  as  well  as  of  lights  are  concentrated  in  the  focus  of  a 
concave  metallic  mirror^  and  the  greatest  heat  which  has  ever 
been  produced  by  art  has  thus  been  accumulated.  The  effect 
is  little  lessened  when  the  mirror  is  formed  of  silvered  glassi  in 
which  case  the  rays  which  are  reflected  from  the  bright  metallic 
surface  pass  through  the  interposed  substance  of  the  glais 
before  they  are  collected.  On  the  other  hand^  if  the  metallic 
mirror  be  held  1)efore  a  conmion  fire^  a  burning  focas  wUl  be 
easily  found;  but  with  a  glass  mirror  the  light  of  the  fire  will 
be  reflected^  but  not  its  heat.  In  a  similar  way  glass  lenses 
refract  both  the  light  and  heat  of  the  sun^  and  henoe  an 
familiarly  distinguished  as  burning-glasses;  but  when  held 
before  any  source  of  terrestrial  heat^  the  most  delicate  air 
thennometcr  will  scarcely  be  affected. 

Tlie  principal  effects  which  we  have  previously  described  of 
the  reflexion  of  dark  heat  from  the  conjugate  mirrora  an 
immediately  arrested  by  the  interposition  of  the  thiniMit 
glass  plate.  Tliis  property  of  glass  is  sometimes  uaefaDj 
employed  where  it  is  desirable  to  see  the  light  of  a  fire  widMmt 
being  incommoded  by  the  heat;  and  glass  screens  are  vaed  to 
protect  the  eyes  when  it  is  necessary  to  inspect  the  action  of  ft 
hot  furnace. 
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The  ladiant  force,  however,  ia  not  lost  by  this  absorption  of 
iie glass:  it  receives  a  new  direction;  the  glass  itself  becomes 
lot,  and  begins  to  throw  off  heat  by  secondary  radiation. 


§  286.  This  distinction  between  solar  and  terrestrial  heat 
ififf  from  being  absolute  as  was  at  one  time  supposed;  for  by 
elicate  experiments  it  has  been  found  that  glass  will  arrest 
ne  of  the  former  rays,  while,  on  the  other  hand,  it  will  allow 
me  of  the  latter  to  pass.  It  has  also  been  ascertained  that 
le  quantity  of  terrestrial  heat  which  may  be  transmitted  varies 
ith  the  nature  of  its  source:  from  a  good  radiating  surface  of 
le  temperature  of  boiling  water  it  is  scarcely  appreciable,  while 
am  the  flame  of  a  gas  lamp  it  may  be  measured  by  the  air 
leraiometer.  M.  De  Laroche  also  made  the  discovery  that 
le  heat  which  has  passed  through  one  plate  of  glass  is  less 
abject  to  absorption  when  passing  through  a  second. 

§  287*  The  difference  between  radiant  heat  and  lights 
ad  heat  in  a  lower  condition  of  intensity,  is  strikingly  illus- 
rated  by  the  combustion  of  a  flame  of  hydrogen  and  oxygen 
IBses  in  which  no  solid  matter  is  concerned.    The  result  is  the 
ipour  of  water,  and  the  disengagement  of  the  greatest  heat 
diich  art  can  command;  but  it  is  accompanied  by  very  Uttle 
ig^t,  and  if  a  convex  lens  be  held  before  it,  the  radiant  heat 
rhich  will  pass  through  it  will  scarcely  affect  the  most  delicate 
lir  thermometer.     If  a  piece  of  solid  matter,  capable  of  resisting 
Ab  action,  such  as  a  wire  of  platinum,  be  held  in  it,  radiation 
viU  immediately  take  place.    A  piece  of  lime  thus  presented  to 
flame  undergoes  no  chemical  change,  but  emits  a  light  which 
dmost  rivals  that  of  the  sun;  and  radiant  heat  is  at  the  same 
tiiae  projected  of  sufficient  intensity  to  penetrate  the  lens,  and 
to  inflame  phosphorus  at  its  focus.    This  light  was  used  by 
Lieutenant  Drummond  for  the  purpose  of  signals,  and  when 
placed  in  the  focus  of  a  paraboUc  reflector  was  visible  at  a 
^'iataiice  of  sixty-nine  miles. 

§  288.  We  are  indebted  to  M.  Melloni  for  almost  all 
"^  we  know,  with  accuracy,  of  the  passage  of  radiant  heat 
''^'^h  different  translucent  substances.  The  memoirs  in 
^Mch  he  has  recorded  his  experiments  and  deductions  have 
"^  most  justly  honoured  with  the  Rumford  medal  of  the 
^yal  Society,  and  they  present  a  model  well  worthy  of  the 
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imitation  of  those  who  are  engaged  in  similar  physical  invei- 
tigations. 

He  has  ascertained  that  the  power  in  bodies  of  transmitting 
rays  of  heat  is  by  no  means  proportioned  to  their  transparency, 
or  their  power  of  transmitting  rays  of  light;  and  amongst  cry»- 
tallized  bodies  in  particular^  he  has  found  that  some  which  are 
highly  transparent  intercept  nearly  the  whole  of  the  caloiific 
rays^  while  others  act  in  a  manner  directiy  contrary.    Thoe 
properties  are  invariably  manifested,  whatever  be  the  temperir 
ture  of  the  source,  and  become  yet  more  singular  at  low  tempe- 
ratures; for  in  the  latter  case  it  is  found  that  the  ordinary  iaX 
of  the  hand  will  pass  through  a  solid  body  of  several  indm 
in  thickness.     Liquid  chloride  of  sulphur,  of  a  deep  red-brown 
colour,  will,  out  of  100  rays,  allow  63  to  pass;  while  an  eqnil 
thickness  of  colourless  spirit  of  turpentine  will  only  transmit 
31;  of  sulphuric  ether,  21;  sulphuric  acid,  17;  and  of  distilled 
water,  only  1 1 ;  the  case  is  the  same  with  solid  bodies.   DifiierenI 
kinds  of  glass  vary  in  their  powers  of  transmission,  from  67  per 
cent,  in  flint-glass  to  49  per  cent,  in  crown-glass;  while  perfectly 
diaphanous  rock  salt  will  transmit  92  out  of  every  100  rayi; 
and  equally  diaphanous  alimi  only  12.     To  distinguish  thoie 
bodies  which  possess  a  capacity  for  calorific  transmission,  from 
those  which  ];)ossess  a  capacity  for  luminous  transmission,  he 
has  proposed  tiie  term  diathermanous  for  the  former,  as  analog- 
ous in  form  to  the  epithet  diaphanous^  applied  to  the  latter. 
In  one  experiment  he  employed  a  plate  of  alum,  well  polishedi 
and  perfectly  transparent,  only  .06  inches  in  thickness,  and 
compared  it  with  a  plate  of  smoky  quartz  3.38  inches  tfaicki 
which  was  of  so  decided  a  brown  colour  that  the  lai^e  letters  of 
a  printed  page,  placed  in  the  fullest  light,  could  not  be  tiaoed 
through  it;  and  found  that  the  former  allowed  only  6  per 
of  the  rays  to  pass  through  it,  while  the  latter  afibrded  a 
to   19   per  cent.     He  also  found  tiiat  the  perfectly  opaqpe 
glass  employed  in  the  construction  of  mirrors,  for  experiments 
upon  the  polarization  of  light,  was  diathermanous  enoa^  to 
transmit  a  considerable  quantity  of  calorific  rays:  on  the  adis 
hand,  sulphate  of  copper,  which  is  of  a  blue  colour^  and  ainim^ 
diaphanouij  is  perfectly  athermanous. 


§  289.  These  striking  difierences  in  bodies  of  the 
aspect,  seem  to  arise  rather  from  stmcture  than  finm  tli^ 
chemical  composition  of  the  molecules,  for  a  blodc  of 
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ult,  being  divided  into  flakes,  instantly  arrests  calorific  radiation, 
and  the  transmissive  power  of  water  is  only  increased  from 
11  to  12,  by  dissolving  in  it  either  alum  or  rock  salt,  two  sub- 
stances which  in  their  solid  state  are  the  opposite  extremities 
of  the  scale  of  transmission. 

M.  Melloni  performed  all  his  experiments  with  an  apparatus 
of  extreme  delicacy,  the  construction  and  application  of  which 
eonstitutes  not  the  least  interesting  part  of  his  work:  but  such 
M  have  not  a  thermoacopic  apparatus  may  easily  satisfy  them- 
lehres  that  rock  salt  transmits  almost  all  the  radiant  heat  that 
Uls  on  its  surface,  by  fixing  vertically  on  the  same  stand  a 
piste  of  this  substance,  and  a  plate  of  glass  or  alum  of  the  same 
dbnensions,  and  by  bringing  the  stand  quite  close  to  the  fire  of 
a  itove.  If  it  be  allowed  to  remain  in  this  state  for  five  or  six 
mimites,  the  glass  will  become  burning  hot,  while  the  rock  salt, 
if  applied  to  the  most  tender  part  of  the  hand,  will  produce  no 
lensation  of  warmth.  This  difierence  may  be  rendered  visible 
by  placing  a  piece  of  wax  on  each  of  the  plates;  that  on  the 
1^  will  soon  begin  to  melt,  while  that  on  the  salt  will  remain 
quite  solid. 

The  greatest  part  of  the  experiments  may  also  be  repeated 
by  means  of  a  large  air  thermometer  bent  twice  at  right  angles; 
between  the  blackened  balls  of  which  a  stand  is  placed,  for  the 
reception  of  the  source  of  heat  and  the  intervening  plates.  The 
Bqoid  will  be  depressed  on  that  side  on  which  the  heat  most 
freely  radiates. 

§  290.  The  results  above  detailed  were  obtained  from 
the  burner  of  an  argand  lamp;  but  M.  Melloni  found  that 
different  efiects  were  produced  frt)m  difierent  calorific  sources. 
^  four  which  he  compared  together  were  the  flame  of  oil 
without  the  interposition  of  glass;  platina  wire  kept  in  a  state 
of  incandescence,  by  means  of  the  flame  of  a  spirit  lamp,  (both 
of  which  are  luminous);  a  plate  of  copper  heated  to  the  tempe- 
rature of  732°,  and  a  vessel  of  thin  copper  blackened  on  the 
ootride  filled  with  boiling  water,  (both  of  which  were  non- 
lominous);  some  of  the  principal  results  are  shown  in  the 
following  table: — 
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Table  XXXV.     Of  Diathermancy. 


NamcB  of  the  interpowsd  lubsteiiGev^ 

Nakml  fliuii0. 

Incandewcnt 

Copper  at 

Oopperit 

common  thickncM,  0.102  In. 

Platinora. 

73S». 

Sir. 

Rock  salt 

92 

92 

92 

92 

Iceland  spar 

39 

28 

G 

0 

Mirror  glass 

39 

24 

6 

0 

Rock  crystal  (colourless) 

38 

28 

6 

0 

Ditto         (smoky)    . 

37 

28 

6 

0 

Citric  acid    . 

]1 

2 

0 

0 

Alum  .... 

9 

2 

0 

0 

Pure  Ice 

6 

0 

0 

0 

§  291.  Thus  it  appears  that  rock  salt,  successively  ei- 
posed  to  radiation  from  different  sources,  always  transmits  im- 
mediately the  same  quantity  of  heat,  (and  it  is  the  only  knovn 
substance  which  thus  acts.)  A  plate  of  any  other  diathermanoos 
substance  will,  under  the  same  circumstances,  transmit  quanti- 
ties less  considerable  in  proportion  as  the  temperature  of  the 
source  is  less  elevated :  but  the  differences  bet^'een  one  trans- 
mission and  another,  decrease  as  the  plate  on  which  we  opente 
is  more  attenuated.  Whence  it  follows,  that  the  calorific  rayi 
from  different  sources  are  intercepted  in  a  greater  or  lea 
quantity,  not  at  the  surface  and  in  virtue  of  an  absorbent  povn 
varying  with  the  temperature  of  the  source,  but  in  the  vcrj 
interior  of  the  plate,  and  in  virtue  of  an  absorbent  force  simiba 
to  that  which  extinguishes  certain  species  of  light  in  a  coloured 
medium. 


§  292.  In  extending  this  observation  to  the  solar  np 
M.  MeUoni  found  that  the  quantity  of  heat  intercepted  b] 
increasing  the  thickness  of  the  transparent  medium  ia  greafee 
for  the  less  refrangible  than  for  the  more  refrangible  rays:  tfai 
is,  that  while  the  thinnest  possible  pellicle  will  permit  as  mod 
per  cent,  of  the  heat  accompanying  the  red  ray  to  pass  through  i 
as  of  that  of  the  violet  ray,  if  the  thickness  be  increased^  a  mud 
larger  per  centage  of  the  former  will  be  stopped  than  of  the  latta 
whence  he  concluded  that  the  refrangibilitjr  of  a  heating  nj  I 
a  measure  of  its  intensity.  The  rays  of  heat  which  are 
by  a  common  prism  do  not  undergo  the  same  action  upon 
through  a  layer  of  water:  the  most  refrangible  rays,  or  dm 
towards  the  violet  end  of  the  spectrum,  pass  nndinunislitd 
while  the  less  refrangible,  or  those  in  the  red  ray,  are  eBtbtl 
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ped  by  that  liquid.  Thus  the  changes  in  the  maximum  of 
[)erBtare  in  the  solar  spectrum,  when  different  liquids  were 
loyed  by  Professor  Seebeck,  are  accounted  for. 

§  293.  The  refiraction  and  constant  transmission  of  the 
rific  rays  from  any  source  through  rock  salt  being  established, 
easy  to  see  the  use  which  may  be  made  of  this  substance  in 
ring  on  the  investigation  with  regard  to  the  nature  of  radiant 
.  When  formed  into  lenses  and  prisms,  it  will  act  upon 
ific  rays  in  a  manner  perfectly  analogous  to  that  in  which 
ad  instruments  act  upon  luminous  rays.  The  feeblest 
nations  may  thus  be  concentrated  to  a  focus,  or  propagated 
distance;  and  in  this  manner  we  may,  with  the  aid  of  a 
men  diffierential  thermometer  with  small  balls,  obtain  very 
led  indications  of  the  heat  issuing  from  a  vessel  filled  with 
1  water  and  placed  at  a  great  distance.  It  constitutes,  to 
M.  Melloni^s  expression,  the  true  glass  of  radiant  heat.  All 
r  transparent  bodies  are  but  partial  and  incomplete  trans- 
en  of  heat,  totally  intercepting  calorific  rays  of  a  certain 
I,  just  as  coloured  media  intercept  coloured  rays  of  certain 
Is.  All  examinations  of  the  nature  of  solar  heat  with  com- 
I  prisms  of  glass,  water,  alcohol,  &c.,  are  necessarily  as 
dous  as  any  attempt  would  have  been  to  analyse  solar  light 
I  prisms  formed  of  coloured  glass. 

§  294.  Amongst  the  calorific  rays  of  the  sun  there  are 
e  which  have  a  resemblance  to  terrestrial  heat,  and  amongst 
cabrific  rays  of  flame  some  are  found  similar  to  the  heat  of 
son.  The  differences  observed  between  solar  and  terrestrial 
9  as  to  their  properties  of  transmission,  are  therefore  to  be 
bated  merely  to  the  mixture,  in  different  proportions^  of 
aral  kinds  of  rays. 

The  small  quantity  of  heat  which  emerges  from  alum  is 
ndantly  transmitted  by  all  diaphanous  colourless  plates,  and 
era  no  appreciable  loss  when  the  thickness  of  the  plates  is 
ed  within  certain  limits;  with  regard  to  transmission,  these 
I,  in  fact,  bear  a  close  resemblance  to  those  of  the  solar  heat. 
7  also  resemble  the  latter  in  the  decided  influence  which 
nor  has  upon  their  absorption.  When  the  rays  of  a  naked 
oe  were  made  to  fall  upon  similar  thermoscopic  siufaces 
eied  with  lamp-black,  and  Spanish  white  mixed  with  gum- 
ter,  the  effect  of  the  white^  as  compared  with  the  black,  was 
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as  80.5  to  100;  and  it  was  the  same  when  a  screen  of  rock  salt 
was  interposed;  but  when  rays  which  had  been  previouslf 
passed  through  a  screen  of  alum  were  employed^  the  effects 
were  as  42.9  to  100.  Professor  Powell  has  ascertained  thit 
colourless  glass  acts  in  the  same  way,  though  with  somewhit 
less  energy. 

§  295.  From  these  facts  a  strong  analogy  results  between 
luminiferous  and  calorific  rays  in  their  passage  through  different 
media.     A  glass  of  a  very  pure  red  colour  transmits  only  light 
of  that  colour  and  intercepts  all  other  coloured  rays;  therefore 
if  we  examine  through  such  a  glass  flames  of  different  coloun, 
but  of  nearly  the  same  intensity,  we  shall  perceive  them  tinged 
with  red,  and  the  more  feeble  in  proportion  to  the  smallness  of 
the  quantity  of  red  light  mingled  with  their  principal  tint;  so 
that  any  radiation,  wholly  free  from  this  colour,  will  be  inn- 
sible.     In  the  same  manner,  radiant  heat  will  pass  in  greater  or 
less  quantity,  or  be  totally  intercepted  by,  a  colourless  plate  of 
glass,  successively  exposed  to  the  radiations  of  flame,  incan- 
descent metal,  and  the  sides  of  a  vessel  filled  with  boiling-water. 
In  the  first  two  cases,  we  find  amongst  the  different  kinds  of 
heat  which  compose  the  pencil,  some  rays  more  or  less  numer- 
ous, which  are  endued  with    what  we  may  call   the  calorific 
coloration  of  glass;  whilst  there  does  not  exist  a  single  ray  of 
this  kind  in  the  pencil  which  proceeds  from  the  last  soonei 
The  theory  then  supposes  that  there  exists  in  glass,  and  gene- 
rally in  all  perfectly  limpid  and  colourless  substances,  an  inn- 
sible  property  quite  analogous  to  coloration.     Now,  experiment 
has  both  proved  that  the  quantity  of  heat  of  the  calorific  colo- 
ration of  glass,  increases  with  the  intensity  of  the  source  of  hea^ 
and  also,  that  the  mean  refrangibility  of  radiant  heat  increaiei 
from  the  same  cause.    The  rays  of  heat  emitted  firom  a  aeriea  of 
different  sources  disposed  in  the  order  of  their  tempeimtareii 
are  therefore  analogous  to  the  different  coloured  rays  wUd 
constitute  the  solar  spectrum;  the  most  refrangible  par^  that  is 
to  say,  the  violet,  the  indigo,  and  the  blue,  repreaentiiig  tlie 
radiation  from  flame  or  incandescent  bodies,  and  the  uppiwiia 
part,  vis.,  the  red,  the  orange,  and  the  yellow,  resemblhig  dtt 
radiation  of  warm  non-luminous  bodies.     Upon  this  and^pfi 
therefore,  glass  which  transmits  only  rays  emitted  from 
of  a  high  temperature  possesses  calorific  coloration^  wliidi 
responds  to  the  most  refrangible  colours  of  the  speotmm.    NcMT 
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aO  diathermanous  substances^  though  more  or  less  permeable  to 
ndiant  heat,  on  being  exposed  to  the  radiation  of  different 
HNiroes  behave  like  glass:  they  are  all  subject  to  the  same  law, 
mmely,  that  the  calorific  emanations  which  resemble  the  upper 
put  of  the  solar  spectrum,  experience  in  their  interior  a  less 
ibsorption  than  emanations  from  sources  of  lower  intensity. 
Bat  the  analogy  with  light  woidd  fail  if  we  could  not  find  media 
riuch  were  capable  of  transmitting  this  kind  of  radiation  and 
iMorbing  the  opposite;  for  we  are  well  acquainted  with  sub- 
tanoes  whidi  are  diaphanous  to  every  colour.  M.  Melloni  has 
■ore  recently  discovered  the  facts  which  supply  this  deficiency. 

It  can  scarcely  be  said  that  we  know  anything  of  the  action 
I  those  minute  particles  of  foreign  bodies  which  determine 
he  absorption  of  different  rays  of  light  in  differently  coloured 
passes;  but  with  regard  to  the  different  rays  of  heat  they  all 
ft  indifferently,  and  only  diminish  the  general  diathermancy  of 
he  glass.  There  is  one  exception  however  to  this,  in  the  green 
fldde  of  copper  with  which  some  species  of  green  glass  is 
oknired;  which^  whilst  it  admits  of  the  transmission  of  most  of 
he  rays  which  are  transmissible  by  glass,  absorbs  those  which 
ft  ci^ble  of  passing  through  alum,  or  those  which  are  most 
efiangible.  M.  Melloni  found  also  that  the  rays  which  are 
msmitted  by  some  opaque  glasses,  had  all  the  properties  of 
bote  proceeding  from  this  green  glass,  and  hence  he  inferred 
hat  in  both  cases,  the  substance  added  to  the  glass  woidd  stop 
he  passage  of  the  highly  refrangible  heat,  but  allow  of  the 
•aiage  of  the  rays  of  lower  refrangibility. 

The  proof  of  this  would  have  been  decisive,  if  it  had  been 
lOBsible  to  tinge  a  portion  of  rock  salt,  the  only  perfectly  dia- 
homanous  body  with  which  we  are  acquainted,  with  oxide  of 
Offpcr  or  with  carbonaceous  matter,  as  is  the  case  with  glass, 
vt  neither  by  solution  nor  heat  can  this  be  efiected  without 
ieatroying  its  texture.  But  M.  Melloni  at  length  found  that  by 
Qperfidally  covering  it  with  lamp-black,  by  carefully  smoking  it 
Ter  a  flame^  the  same  end  might  be  attained.  He  thus  formed 
*  combination  which  was  permeable  to  radiant  heat  in  exact 
■oportion  to  the  lowness  of  the  intensity  of  the  source  from 
vhich  it  was  emitted,  or  (which  is  the  same  thing,)  to  the  least 
'tangible  rays. 

He  took  three  exactly-similar  plates  of  rock  salt;  the  first  he 
^  in  its  natural  state;  the  second,  he  covered  with  a  film  of  any 
lithermanous  substance,  such  as  mica,  glass,  or  varnish;  and 
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the  third,  he  smoked.  He  placed  them  successively  })efoTe  dif- 
ferent sources  of  heat,  in  his  apparatus:  the  first,  transmitted 
the  same  quantity  of  lieat  from  all  the  sources;  the  second, 
transmitted  a  quantity  increasing  with  the  temperature  of  the 
source;  and  the  third,  a  quantity  which  decreased  with  the  tem- 
perature of  the  source:  and  thus  he  could  separate  at  pleasure, by 
absorption,  the  more  refrangible  rays  of  heat  from  the  less  refran- 
gible, as  may  l)e  done  with  the  rays  of  light  by  coloured  media. 
By  passing  the  rays  of  the  sun  first  through  a  stratum  of 
water  and  then  through  green  glass,  M.  Melloni  succeeded  in 
sifting  the  whole  of  the  heat  from  light:  the  emerging  beam 
had  a  greenish  tint,  but  when  concentrated  by  a  lens  of  rock 
salt  to  the  intensity  of  the  original  ray,  had  not  the  slightest 
elFect  upon  the  most  delicate  thermoscope, 

§  296.  M.  Melloni  has  remarked,  that  this  specific  dif- 
ference in  the  rays  of  heat  is  manifest  upon  the  great  scale  of 
natural  phenomena  in  the  differences  of  their  absorption  by 
snow.     It  has  long  been  observed  that  snow,  which  lies  near 
the  trunks  of  trees  and  tufts  of  shrubs,  melts  much  more  rapidly 
than  at  a  distance  from  them.     This  is  not  owing  to  any  proper 
heat  of  tlie  vegetating  bodies,  for  the  same  thing  happem 
around  dead  bushes  and  dry  poles;  and  the  greater  the  number 
of  branches,  and  the  smaller  the  twigs,  the  greater  is  dieir 
thawing  influence.    The  effect  commences  on  their  south  tadsB, 
and  gradually  extends  by  the  west,  till  it  reaches  round  to  the 
north.     Hence,  it  appears  that  it  is  due  to  the  heat  of  the  smif 
directly  communicated  to  the  trunks  and  branches  of  the  tree^ 
and  then  radiated  from  them  to  tlie  surrounding  surfeoe.    Dp 
to  the  time  of  M.  Melloni^s  discoveries,  it  was  quite  impoaaAUe 
to  account  for  this  secondary  radiation  having  more  power  than 
the  primary  one  from  wliich  it  was  derived.     He  has,  however, 
shown  by  the  most  decisive  experiments,  that  the  seoondaary 
rays  from  the  trees  are  much  more  abundantly  absorbed  bj 
snow  and  other  white  substances  than  the  solar  rays  themsdvek 
If  the  rays  of  a  naked  lamp  be  concentrated  by  a  lena^  and 
made  to  fiedl  upon  a  thermometric  surfiBtce  covered  widi  vliite 
lead,  an  effect  will  be  produced  which  may  be  deaignalied  M 
15^;  but  if  a  sheet  of  thick  paper,  of  a  deep  grey  odoovbo 
interposed  in  the  passage  of  the  rays  dose  to  the  thennoseopi^ 
the  effect  will  rise  to  33^.    Here  we  may  suppose,  that  of  W 
direct  rays  which  fall  upon  the  white  sur&oey  10  anlf 
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absorbed,  and  the  rest  reflected.  When  the  paper  is  inter- 
|)Osed  it  becomes  itself  heated,  and  radiates  perhaps  only  25 
to  the  same  surface;  but  of  these,  5  only  are  reflected,  and  20 
absorl^ed. 

The  different  effect  upon  snow  of  rays  of  heat  from  different 
sources,  may  l)e  shown  by  a  still  more  direct  experiment.  Let 
i  differential  thermoscope  be  placed  between  an  Argand  lamp 
ind  a  blackened  copper  surface,  heated  by  a  spirit  lamp  to  7*')  2*^, 
ID  as  to  be  in  equilibrio  between  them;  which  may  l)e  effected 
jy  approaching  the  instrument  nearer  to  the  feebler  source  of 
leat  than  to  the  other.  Having  ascertained  the  position  of 
^uilibrium,  let  the  thermoscope  be  removed,  and  a  tube  divided 
nto  ti*'o  by  a  diaphragm,  and  filled  at  each  end  with  newly- 
alien  show,  be  exactly  placed  in  its  position  \ntli  one  face  pre- 
tented  to  each  of  the  calorific  sources:  not>\dthstanding  the 
Hjuality  of  the  intensity  of  the  heat  as  measured  by  a  ther- 
Tiosa)pe  in  this  position,  the  snow  in  the  tube  opposed  to  the 
leated  copper  will  melt  much  faster  than  that  in  the  other,  and 
vill  generally  disappear  in  half  the  time. 

The  experiment  may  be  made  still  more  simply  by  suspend- 
ing over  a  surface  of  snow,  and  close  to  it,  a  disc  of  thin  card, 
Mvered  on  both  sides  with  lamp-black:  if  the  rays  of  an  Argand 
lamp  be  made  to  fall  upon  it,  the  surrounding  snow  will  be 
unaffected,  but  a  cavity  will  be  quickly  thawed  under  the  card. 
[f  the  heated  copper-plate  be  now  substituted  for  the  lamp,  the 
phenomena  will  take  place  in  the  inverse  direction;  the  melting 
rf  the  snow  will  be  more  abundant  in  the  parts  exposed  to  the 
direct  radiation  than  imder  the  disc,  so  that  in  a  short  time 
there  will  be  a  protuberance  in  the  latter  situation  instead  of  an 
acavation. 

In  the  first  of  these  cases,  the  heated  card  emits  rays  much 
DK»e  absorbable  than  the  direct  rays  of  the  lamp;  and  hence  it 
bDows,  that  the  snow  is  melted  in  much  greater  abundance 
nnder  the  shadow  of  the  disc  than  elsewhere,  notwithstanding 
die  quantity  of  the  heat  is  less.  In  the  second  case,  when  the 
calorific  source  and  the  card  both  emit  rays  of  the  same  nature. 
Hid  equally  absorbablej  the  disc  must,  by  its  interposition, 
^rnmiali  the  effcct  of  the  direct  radiation,  and  protect  the  snow 
ra  tibe  port  which  it  screens. 

It  would  thus  appear  that  heat  changes  its  degree  of  refran- 
pfaOily  by  secondary  radiation^  and  that,  upon  the  theory  of 
one  loi^  wave  is  broken  up  into  several  shorter 

q2 
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onefi,  and  on  the  other  hand  that  several  short  waves  may  unit 
together  so  as  to  form  one  long  one.  There  is  nothing  analo 
gous  to  this  in  the  waves  of  coloured  light;  red  light  has  nere 
yet  been  changed  into  blue,  or  orange  into  violet. 

§  297*  The  polarization  of  heat,  though  the  experiment 
by  which  it  has  been  demonstrated  are  of  a  still  more  delieifa 
nature  tlian  those  which  we  have  just  examined,  rests  upon  t 
certain  foundations  as  its  refraction.  Heat  was  first  shown  b 
M.  Berard  to  be  susceptible  of  this  modification  by  reflexion 
M.  Melloni,  however,  failed  at  first  in  obtaining  any  indication 
of  polarization,  eitlier  by  tliis  means  or  by  transmitting  obscor 
radiant  heat  through  plates  of  tourmaline.  Professor  Forbes  sue 
cecded  in  these  experiments,  and  also  showed  that  it  may  be  pre 
duced  by  plates  of  mica:  and  M.  Melloni  has  since  thorough! 
investigated  the  subject,  and  explained  his  previous  failure. 

A  great  diiHculty  presents  itself  in  studying  the  polarization  ( 
heat  1)y  tourmalines  in  their  feeble  calorific  transmission,  whic 
varies  with  their  quality.  These  differences  depend  upon  tk 
diathermancy  of  eacli  species  of  the  mineral ;  that  is,  they  srii 
from  different  species  being  each  permeable  to  a  differently  coi 
stituted  calorific  stream.  Of  every  100  rays  transmitted  by 
pair  of  tourmalines  with  their  axes  parallel,  about  22  disappa 
by  crossing  the  axis.  This  proportion  suffers  no  very  decide 
change  in  the  rays  transmitted  by  common  glass,  or  glass  of  ar 
prismatic  colour  except  green,  when  it  is  reduced  to  -pl-y.  Whi 
water,  on  the  contrary,  is  employed,  the  quantity  of  heat  wbii 
is  polarized,  after  transmission,  amounts  to  -|^:  showing  i 
analogous  difference  in  the  polarization  of  different  kinds  < 
heat  to  that  which  we  had  previously  found  in  their  reEractioi 
and  in  this  presenting  a  marked  distinction  from  the  pohiiatk 
of  light. 

X.     ELECTRICITY. 

§  298.  We  vnll  proceed  now  to  inquire  into  the  nita 
and  laws  of  those  forces  which  we  have  already  indicatied  tt 
named  electrical,  from  the  electron  or  amber  in  which  they  we 
first  observed  by  Thales,  600  years  before  the  Christian  em  {|ll 
The  more  striking  phenomena  of  lambent  flames  upon  the  ma 
heads  of  vessels  in  a  storm,  or  lights  upon  the  apear-poittli 
soldierfl^  and  the  flash  of  lightning,  had  been  also  obMored  tril 
feelings  of  dread  and  superstition,  but  were  little  aiqiqMlMdi  i 


ELECTRICITY.  229 

those  early  days,  to  liave  any  thing  in  common  with  tlie  alternate 
tttnction  and  repulsion  of  minute  particles  of  dust  by  this  rare 
labstance  after  it  had  been  subjected  to  friction.  It  was  not 
till  2200  years  afterwards  that  the  same  property  of  attraction^ 
accompanied  under  favorable  circumstances  by  flashes  of  lights 
was  observed  to  be  possessed  by  glass,  sulphur,  and  sealing-wax, 
and  that  the  foundations  of  electrical  science  were  laid  by  Mr. 
Gilbert.  We  are  indebted  to  active  observation,  or  experiment, 
for  the  whole  of  the  superstructure ;  mere  passive  observation, 
or  common  experience,  having  had  but  little  influence  upon  its 
progress.  Electricity  is  as  widely  diffused,  as  energetic  in  its 
character,  and  at  least  as  important  in  the  economy  of  the 
material  universe,  as  heat  itself;  but  its  properties  are  more 
recondite ;  and  necessity  has  not  given  to  the  human  race  that 
early  command  over  this  power,  upon  which  its  very  existence 
has  depended  in  the  latter  case.  Such  a  command  will  probably 
result  from  the  higher  exercise  of  the  intellectual  faculties  of 
inan,  and  may  be  destined  to  requite  his  patient  industry  witii 
the  acquirement  of  power,  of  which  only  inadequate  anticipations 
CM  as  yet,  perhaps,  be  formed. 

§  299.  It  will  be  remembered  that  we  traced  the  origin 
of  heat  to  five  principal  sources ;  and  from  four  of  the  same 
wurces  we  also  derive  the  new  force  which  we  are  about  to 
diamine;  whilst  analog)',  as  well  as  the  uncertain  results  of 
^^goe  experiments,  lead  us  to  believe  that  the  fifth,  or  the  solar 
nysy  will  hereafter  be  found  capable  of  imparting  this  subtle 
"Aience.  It  is  fireely  evolved  by  the  mechanical  action  of 
wterogeneous  substances;  still  more  abundantly  by  chemical 
^f&m;  it  is  a  product  of  animal  organization;  and  as  electricity 
'loder  certain  conditions  is  capable  of  evolving  heat,  so  heat,  on 
^  other  hand^  is  capable  of  exciting  electricity.  Like  heat,  it 
*^  nothing  tOj  and  subtracts  nothing  from,  the  weight  of 
iHNiies  in  which  it  is  excited ;  but  unlike  heat,  it  is  not  opposed 
b  oohesion^  and  does  not  increase  the  volume  of  homogeneous 
ihHiu,  or  loose  the  chain  which  binds  their  particles  together. 
It  is  c^Mble  of  acting  upon  masses  of  matter  in  opposition  to 
pn/ftff  and  it  is  also  capable  of  the  most  energetic  influence 
^fOa  its  constitaent  atoms.    Evecy  form  of  matter  may  be 

to  its  actiony  and  it  may  be  transferred  from  one  portion 
in  wluch  it  has  been  called  forth  to  anodier  previously 
^  ft  naiilnl  state. 
Our  present  purpose,  which  will  lead  us  to  inquire  into  the 
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modes  in  which  this  force  distributes  itself^  and  in  which  its 
cquilibrum  is  maintained  amongst  the  particles  of  ponderable 
matter,  or  into  the  laws  of  Electrical  Statics,  will  best  be 
answered  by  confining  our  attention  mainly  to  its  mechamcai 
developement,  or  excitation  by  friction. 


§  300.  The  apjmratus  we  shall  first  describe  is  of  extreme 
simplicit}',  but  the  instruction  which  we  derive  from  it  is  of  the 
greatest  importance. 

We  have  already  seen  (§15)  that  if  we  suspend  some  light 
substance,  such  as  a  feather  or  a  pith  ball,  by  a  silk  thread,  nnd 
then  approach  it  ^dth  a  dry  glass  tube,  which  has  l>een  rubl)ed 
with  silk,  the  suspended  substance  will  be  attracted  to  the  glass 
tube  from  a  distance,  and  adhere  to  it  for  a  moment,  but  will 
afterwards  recede  from  it ;  and,  after  its  separation,  so  far  from 
the  glass  exerting  any  attraction  upon  it,  it  will  strongly  repel  it 
from  its  surface.  If  we  substitute  a  stick  of  sealing  wax  for  the 
glass  tul^e,  and  rub  it  wnth  a  dry  warm  flannel,  we  may  produce 
the  same  phenomena  of  attraction  and  repulsion  upon  afresb 
feather ;  and  in  the  same  order  (69).  But,  now,  if  we  present  the 
excited  wax  to  the  feather  which  has  received  the  repulsive 
property  from  the  glass,  or  the  excited  glass  to  the  light  sub- 


((>9)     The  annexed  figure  will  conycj  an  idea  of  the  feather  when 


in  ito  natural  state  attracted  by  the  ezdted  glan,  and  when  »  ■■ 
electrified  state  repelled  from  the  similarly  electrified  lod. 
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be  true ;  and  it  is,  in  fact,  demonstrabk  that  neither 
i  presents  us  with  the  real  process  or  meclianism 
phenomena.  The  progress  of  science  begins  clearly 
ate  that  the  whole  class  of  electrical  facts  will  one 
included  in  some  higher  generalization  than  either  of 
y  which  they  are  at  present  grouped  together;  and 
ui  attempt  has  been  made  (and  according  to  mathema- 
who  are  best  qualified  to  judge  of  such  high  exercises 
)n,  not  without  success,)  to  connect,  in  one  general 
all  attractive  and  repulsive  forces,  not  excepting  the 
i  force  of  gravity  itself*. 

1  views,  however,  must  not  be  presented  to  beginners 
ce,  and  probably  it  will  not  be  in  the  present  age  that 
her  will  be  able  to  dispense  with  the  scaffoldings  by  the 
ce  of  which  the  fabric  of  electrical  science  has  been 
to  its  present  dimensions  and  proportions.  The  hypo- 
if  two  fluids  has  had  the  advantage  of  having  been 
sd  to  mathematical  investigation  by  M.  Ck)ulomb  and 
son ;  but  even  in  the  mathematical  investigations  it  is 
substitute  one  theory  for  the  other  by  a  very  simple 
mation  of  the  formuke. 

laking  the  legitimate  use  of  either  theory  to  assist  him 
ling  clear  ideas  of  the  connezioiiof  the  phenomena,  the 
should  never  forget  that  such  nypothetical  fluids  may 
»  real  existence,  and  that  the  peculiar  actions  which  he 
1  upon  to  contemplate  may  be  referrible  to  powers  with 
latter  may  have  been  endowed,  without  the  intervention 
(och  medium  as  has  been  imagined.     Indeed,  the  late 
hrance  of  the  science  seems  rather  to  countenance  this 
mple  view  of  the  subject;   and  one  of  the  greatest 
ies  with  which  the  teacher  has  to  contend  at  present  is 
1  confusion  of  view  and  of  language  which  almost  neces- 
tends  this  transition  state.    After  this  explanation,  how- 
is  to  be  hoped  that  no  difficulty  will  be  felt  at  the  indif- 
mployment  of  the  terms  vitreous  and  resinauSy  or  positive 
fUive,  to  denote  those  peculiar  states  of  matter  by  which 
Qomena  which  have  been  just  described  are  produced. 
I  a  necessary  consequence  of  either  of  the  hypotheses 
re  have  just  stated,  that  one  species  of  electricity  can 
)C  excited  without  a  simultaneous  production   of  the 
«id,  in    fact,  the  opposite  electrical  states  are  always 

OTTi.    Sur  i€M  Force$  qui  rigiueni  la  Cimat%tuti<m  inUrieur  de*  €c>rp: 
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electrical  forces  were  peculiar  to  certain  kinds  of  matter;  that 
they  were  referrible  to  two  highly-elastic,  imponderable  fluids, 
the  particles  of  which  were  self-repulsive  but  attractive  uf  each 
other ;  and  that  one  which  he  called  the  vitreous  electricity  was 
always  elicited  from  glsss,  and  the  other  which  he  termed 
resinous  electricity  from  resinous  bodies.  In  tlic  form  in  which 
the  hypothesis  of  two  fluids,  which  goes  by  his  name,  is  now 
adopted,  it  is  greatly  indebted  to  the  observations  and  modifi- 
cations of  Mr.  Symmer,  who  showed  that  when  two  bodies  are 
rubbed  together,  both  become  excited ;  and  that  one  of  tlicm 
always  possesses  the  vitreous,  and  the  other  the  resinous  virtue. 
The  two  fluids  exist  in  all  unexcited  bodies  in  a  state  of  combi- 
nation and  neutralization,  when  no  electrical  phenomena  are 
apparent:  friction  occasions  the  separation  of  the  two  fluids, 
and  the  electrical  action  continues  till  an  equal  quantity  of  that 
kind  of  electricity  which  has  thus  been  withdrawn  from  the 
other,  has  been  restored  and  re-united  with  it. 

§  303.  Dr.  Franklin  proposed  a  different  and  no  less 
ingenious  explanation  of  electrical  phenomena,  in  some  respects 
more  simple  than  the  preceding ;  dependent  also  upon  the  pro- 
perties of  an  imaginary  highly-elastic  fluid,  which,  upon  hb 
supposition^  was  single,  and  pervaded  all  matter.  This  fluid  is 
self- repulsive,  but  attracts  the  ultimate  particles  of  matter, 
which  the  hypothesis  further  requires  should  be  considered  aa 
self-repulsive  when  deprived  of  their  natural  i)ortions  of  the 
electrical  fluid.  The  opposite  states  of  electrical  excitemeDt, 
according  to  this  view,  depend  upon  the  increase  or  diminutiGD 
of  this  elastic  fluid.  When  a  glass  tube  is  rubbed  with  a  silk 
handkerchief,  the  electrical  equilibrium  of  the  fluid  in  the  two 
substances  is  disturbed ;  the  glass  acquires  more  than  itsnatunl 
quantity,  and  is  overcharged;  the  silk  retains  less  than  its 
natural  quantity,  and  is  undercharged.  Thus,  electrical  repul- 
sion takes  place  between  two  bodies  both  of  which  oonttti 
more  or  less  than  their  natural  quantity  of  fluids  and  electriol 
attraction  is  only  excited  between  two  bodies,  one  of  wUch 
contains  more  or  less  than  the  other. 

According  to  the  theory  of  Du  Fay,  the  two  aiatai  M 
denominated  vitreous  and  resinoui ;  according  to  the  theory  d 
Franklin,  they  are  distinguished  as  poriiive  and  n^gatioem 

§  304.  It  is  quite  obvious  that  both  these  hjpolQMf^ 
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Euinot  be  true;  and  it  is^  in  fact,  demonstrable  that  ncitlier 
f  them  presents  us  with  the  real  process  or  mechanism 
f  the  ])henomena«  The  progress  of  science  begins  clearly 
3  indicate  that  the  whole  class  of  electrical  facts  will  one 
ay  be  included  in  some  higher  generalization  than  either  of 
bose  by  which  they  are  at  present  grouped  togetlier;  and 
ndeed  an  attempt  has  been  made  (and  according  to  mathema- 
icians,  who  are  best  qualified  to  judge  of  such  high  exercises 
>{  reason,  not  without  success,)  to  connect,  in  one  general 
beory,  all  attractive  and  repulsive  forces,  not  excepting  the 
iniTersal  force  of  gravity  itself*. 

Such  views,  however,  must  not  be  presented  to  beginners 
ill  science,  and  probably  it  will  not  be  in  the  present  age  that 
the  teacher  will  be  able  to  dispense  with  the  scaffoldings  by  the 
assistance  of  which  the  fabric  of  electrical  science  has  been 
boilt  up  to  its  present  dimensions  and  proportions.  The  hypo- 
thesis of  two  fluids  has  had  the  advantage  of  having  been 
submitted  to  mathematical  investigation  by  M.  Coulomb  and 
M.Poisson;  but  even  in  the  mathematical  investigations  it  is 
«sy  to  substitute  one  theory  for  the  other  by  a  very  simple 
tnuisformation  of  the  formulee. 

In  making  the  legitimate  use  of  either  theory  to  assist  him 
m  ittaining  clear  ideas  of  the  connexioif  of  the  phenomena,  tlic 
student  should  never  forget  that  such  hypothetical  fluids  may 
int  no  real  existence,  and  that  the  peculiar  actions  which  he 
■  cdled  upon  to  contemplate  may  be  referrible  to  powers  witli 
lAidi  matter  may  have  been  endowed,  without  the  intervention 
rfinysiich  medium  as  has  been -imagined.  Indeed,  the  late 
npid  advance  of  the  science  seems  rather  to  countenance  this 
Bore  simple  view  of  the  subject;  and  one  of  the  greatest 
*^ltifii  with  which  the  teacher  has  to  contend  at  present  is 
lootam  oonfiudon  of  view  and  of  language  which  almost  neces- 
■riljr  attends  this  transition  state.  After  this  explanation,  how> 
**Vf  it  IB  to  be  hoped  that  no  di£Bculty  will  be  felt  at  the  indif- 
faw  employment  of  the  terms  vitreous  and  resinofu,  or  positive 
^  n^/aHoe,  to  denote  those  peculiar  states  of  matter  by  which 
^ptmomeDa  which  have  been  just  described  are  produced. 
it  is  a  neoeasary  consequence  of  either  of  the  hypotheses 
hK9B  just  stated,  that  one  species  of  electricity  can 
be  fKsritfwP  withoot  a  simultaneous  production  of  the 
*'^r^iMdt  in  Aet,  the  opposite  electrical  states  are  always 
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such  as  exactly  to  neutralize  each  other  in  the  rubber  ai 
body  rubbed.  This  conclusion  is  quite  borne  out  by  the  : 
of  experiment.  Even  with  the  glass  tube^  and  sUk^  wc 
find  that  it  is  not  only  the  ^ass^  but  the  silk  also^  whicl 
friction  attracts  the  feather;  and  after  the  feather  has 
repelled  by  one,  it  will  be  strongly  attracted  by  the  oth< 
we  rub  a  disc  of  glass  with  a  disc  of  brass  covered  witi 
and  apply  them  when  in  combination  to  a  delicate  electro 
we  shall  observe  no  signs  of  electrical  excitement;  but 
lift  the  brass  disc  from  the  glass  by  a  silken  thread  wc 
find  that  the  two  are  in  opposite  states ;  but  when  again  bi 
into  contact  they  will  exactly  neutralize  one  another. 

§  305.  After  either  electrical  state  has  been  con 
upon  a  body,  for  instance,  on  the  glass  by  friction,  or  < 
feather  by  contact,  it  will  very  slowly  return  to  its  natura 
in  a  dry  atmosphere,  unless  it  be  touched  with  some 
substance ;  but  the  nature  of  the  substance  brought  into  c 
with  it  is  by  no  means  indifferent  to  the  result.  The 
hand  will  speedily  remove  the  electricity,  or  any  metallic 
still  more  readily ;  but  dry  glass,  resins,  silk,  sulphur,  wi 
prove  effective.  From  this  difference  in  their  power  ol 
veying  or  conducting  away  the  electricity,  bodies  have 
divided  into  two  great  classes  of  conductors  and  non-condi 
In  the  former,  the  elastic  fluids  are  supposed  to  trave 
little  or  no  impediment,  and  with  a  velocity  infinitely  exa 
that  of  the  similar  propagation  of  heat,  and  only  comp 
with  light  itself;  while  in  the  latter  their  passage  is  obstn 
they  seem  to  adhere  to  their  substance,  and  to  be  incapa 
transmission  from  particle  to  particle. 

Although  we  may  thus  classify  all  substances  into  co 
tors  and  non-conductors  of  electricity,  we  shall,  howevei 
the  two  classes  passing  by  insensible  gradations  one  int 
other.  There  is,  in  fact,  a  progressive  order  in  which  all  h 
may  be  arranged,  beginning  with  that  substance  which  po« 
either  property  in  the  most  perfect  degree,  and  proce 
through  the  gradations  of  other  substances  to  the  opj 
extremity  of  the  scale.  In  the  following  table,  the  left- 
column  commences  with  the  most  perfect  conductors, 
ends  with  the  least  perfect  conductors ;  the  right-hand  oo 
commences  with  the  least  perfect  non-conductors^  and  ends 
the  most  perfect : — 
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Table  XXXVL     Electrical  Conduction. 


Conductors. 

Spermaceti. 
Glass. 

)1,  plumbago, 

&c. 

Sulphur. 

chlorides. 

Fixed  oils. 

iodides. 

Spirits  of  turpentine 

;alts. 

Resins. 

acids. 

Ice. 

le  solutions. 

Diamond. 
ShelUlac 

L 

Oxalate  of  lime. 

ur. 

Dry  gases. 

ble  and  animal  bodies.     ' 

Insulators. 

distinction  of  bodies  according  to  their  conducting 
!gards  them  as  masses;  it  is  probable  that  the  con- 
particles,  whether  of  conducting  or  non-conducting 
ire  individually  conductors,  and  capable,  as  such,  of 

a  charge  of  electricity.  In  this  distinction  we  are 
1  with  a  close  analogy  in  the  conduction  of  heat ;  for 
?les  of  aeriform  matter  readily  become  heated,  although 
'els  amongst  them  by  conduction  with  the  greatest 
.  It  was,  however,  early  observed,  that  the  most 
ion-conductors  of  electricity  had  still  the  power  of 
ing  electric  influences  through  them ;  and  that  if  one 

plate  of  glass  were  excited  the  opposite  side  would 
J  power  of  attracting  light  bodies.  They  are  in  fact 
c;  and  it  will  be  found  useful  thus  to  denote  this  pro- 
an  appropriate  term. 

306.  The  instantaneous  way  in  which  electricity  passes 
,'ood  conductor,  and  the  advantage  which  may  be  taken 
on-conducting  power  of  bodies  to  prevent  its  escape 
stances  in  which  it  may  be  required  to  confine  it,  may 
shown  by  a  very  simple  experiment.  Suspend  a 
wire  of  many  yards  in  length  by  strings  of  white  silk, 
f  convenient  supports,  and  hang  to  one  of  its  extre- 
ro  strips  of  gold  leaf,  so  that  they  may  be  parallel  to 
Bf,  and  nearly  in  contact ;  present  any  excited  body  to 
r  extremity,  and  the  slips  of  gold-leaf  will  instantly 
e  another,  and  diverge ;  proving,  whatever  the  length 
rire  may  be,  that  the  influence  is  confined  within  its 
id  instantly  pervades  it  from  end  to  end.     If  the  wire 
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such  as  exactly  to  neutralize  each  other  in  the  rubl>er  and  the 
l)ody  nibbed.  This  conclusion  is  quite  borne  out  by  the  results 
of  experiment.  Even  with  the  glass  tube^  and  silk,  we  sliall 
find  that  it  is  not  only  the  glass,  but  the  silk  also,  which  after 
friction  attracts  the  feather ;  and  after  the  feather  has  l)een 
repelled  by  one,  it  will  be  strongly  attracted  by  the  other.  If 
we  rub  a  disc  of  glass  with  a  disc  of  brass  covered  with  silk, 
and  apply  tliem  w*hen  in  combination  to  a  delicate  electroscope, 
we  shall  observe  no  signs  of  electrical  excitement ;  but  if  we 
lift  the  brass  disc  from  the  glass  by  a  silken  thread  wc  shall 
find  that  the  two  are  in  opposite  states ;  but  when  again  brou|,4t 
into  contact  they  will  exactly  neutralize  one  another. 

§  305.  After  either  electrical  state  has  been  conferred 
upon  a  body,  for  instance,  on  the  glass  by  friction,  or  on  the 
feather  by  contact,  it  will  very  slowly  return  to  its  natural  state 
in  a  dry  atmosphere,  unless  it  be  touched  with  some  other 
substance ;  but  the  nature  of  the  substance  brought  into  contact 
with  it  is  by  no  means  indifferent  to  the  result.  The  naked 
hand  will  speedily  remove  the  electricity,  or  any  metallic  bodj 
still  more  readily ;  but  dry  glass,  resins,  silk,  sulphur,  will  not 
prove  eflfective.  From  this  difference  in  their  power  of  con- 
veying or  conducting  away  the  electricity,  bodies  have  been 
divided  into  two  great  classes  of  conductors  and  nonF-eonduetwf* 
In  the  former,  the  elastic  fluids  are  supjiosed  to  travel  wiA 
little  or  no  impediment,  and  vnth  a  velocity  infinitely  cxceediiig 
that  of  the  similar  propagation  of  ]ieat,  and  only  compardiie 
with  light  itself;  while  in  die  latter  their  passage  is  obstructed; 
they  seem  to  adhere  to  their  substance,  and  to  be  incapable  of 
transmission  from  particle  to  particle. 

Although  we  may  thus  classify  all  substances  into  oondll^ 
tors  and  non-conductors  of  electricity,  we  shall,  however,  fsoi 
the  two  classes  passing  by  insensible  gradations  one  into  Ac 
other.  There  b,  in  fact,  a  progressive  order  in  which  all  bodki 
may  be  arranged,  beginning  with  that  substance  which  potaMtf 
either  property  in  the  most  perfect  degree,  and  pioceedng 
through  the  gradations  of  other  substances  to  the  uppmiW 
extremity  of  the  scale.  In  the  following  table,  the  UAhmi 
column  commences  with  the  most  perfect  conduction^  ni 
ends  with  the  least  perfect  conductors ;  the  right-hand  eototf 
commences  with  the  least  perfect  non-conductors,  and  endi  vik 
the  most  perfect : — 
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§  308.  The  mode  of  ascertaining  the  eztatence  and  nature 
my  electrical  ex<nteinent  is  very  simple:  for  this  purpose 
hare  recourse  to  a  beautiful  little  instrument,  called  the 
1-leaf  electrometer.  It  consists  of  two  slips  of  gold-leaf, 
pended  from  a  brass  wire  terminating  in  a  small  plate,  within 
flinder  of  glass.  The  wire  is  insulated  by  the  glass,  and 
re  efiectually  by  passing  it  through  a  glass  tube,  covered  with 
kraish  of  shell-lac,  and  packed  with  silk.  The  leaves  are 
le  to  diverge  by  contact  with  some  body  in  a  known  state 
excitement,  as  with  a  stick  of  sealing-wax  rubbed  with 
Hai;  if  -the  approach  of  the  body,  whose  state  we  wish 
letermine,  cause  the  leaves  to  diverge  still  more,  we  con- 
le  that  it  is  resinously  electrical;  if,  on  the  contrary,  they 
■pee  upon  its  approach,  it  is  a  proof  that  it  is  in  the  vitreous 
•(?0)- 

Then  is  another  mode  which  is  still  preferable  to  this,  as 
rding  not  only  an  indication  of  the  kind  of  force  which  is 
lired  to  be  tested,  but  also  an  accurate  measure  of  its  inten- 
.  It  consists  of  a  needle  of  shell-lac,  suspended  from  a  fine 
»d  of  spun  glass.  At  one  extremity  of  the  needle  is  placed 
mall  disc  of  paper,  or  other  conducting  substance;  which, 
ig  thus  insulated,  is  capable  of  receiving  and  retaining  a 
rge.  When  another  electrified  body  is  brought  near  to  this, 
kind  of  electricity  which  has  been  communicated  to  it  being 
iwn,  it  will  indicate  by  its  attraction  or  repulsion,  the  species 

(70)     Bennet's  gold-leaf  electrometer  is  here  represented ;   the 
VB  being  in  a  state  of  divergence  &om  a  charge  which  has  been 
raaatcsted  to  them. 
The  improved  mode  of  inmladon  introduced  by  Mr.  Kngnr  is 


wn  in  the  secdon  a.  The  wire  to  which  the  gold  leaves  are 
■died  passes  through  a  gloss  tube  packed  with  dry  silk,  and  is 
tnd  by  a  brats  cap,  screwed  to  its  upper  end,  by  which  it  is 
ilteled  from  dust  and  damp. 
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be  now  divided^  and  a  connexion  be  made  between  its  two  ends 
by  the  smallest  possible  loop  of  silk^  the  electric  fluid  viB 
be  fomid  incapable  of  passing  through  the  interval  of  non- 
conducting substance.  We  thus  make  use  of  this  difference  in 
the  conducting  power  of  bodies  for  the  purpose  of  insulaim 
By  supporting  good  conducting  substances  upon  non-conducton 
we  can  cause  diem  to  retain  any  electric  charge  we  may  com- 
municate to  them ;  they  thus  become  cut  off  or  insulated  from 
any  ready  channel  by  which  the  fluid  might  pass  away,  or 
attain  to  that  state  of  equilibrium  which  it  is  always  striving  to 
effect.  Without  this  power  the  electric  forces  could  scaioely 
have  been  made  the  subjects  of  experimental  investigation. 

When  a  non-conducting  substance  becomes  charged  either 
by  friction,  or  otherwise,  with  electricity,  it  will  only  partiaDy 
give  up  the  fluid  on  its  surface  to  a  non-insulated  conductor  it 
the  point  of  contact;  but  a  charged  insulated  conductor  will 
instantly  part  with  the  whole  of  its  charge.  In  the  fbnnff 
case  the  fluid  is  supposed  incapable  of  moving  from  point  to 
point,  while  in  the  latter  it  will  traverse  any  space  in  any  direc- 
tion without  apparent  obstruction. 

If,  again,  a  small  charged  conductor,  such  as  a  brass  biOr 
be  brought  in  contact  with  a  smooth  plate  of  resin,  a  portion  of 
the  electric  fluid  will  adhere  to  the  resin  at  the  point  where  flie 
two  bodies  touched,  but  will  spread  itself  only  to  a  very  minute 
distance  round. 

§  307.  It  was  formerly  supposed  ihst  the  two  ff^ 
classes  of  conductors  and  non-conductors  might  be  designrtri 
as  noip-electrics  and  electrics:  the  latter  name  denoting  acqur 
city  of  electric  excitement,  and  the  former  a  total  incapadty; 
but  this  distinction  is  quite  inaccurate.  If  we  hold  a  rod  or 
tube  of  metal  in  our  hand,  and  rub  it  with  a  silk  handkerdiid^ 
it  is  quite  true  that  it  wiU  exhibit  no  signs  of  eauntation:  dio 
reason  is,  that  both  our  bodies  and  the  metal  being  good  con- 
ductors, the  electrical  fluid  passes  away  as  it  is  disengaged;  W 
if  we  insulate  the  metal, — cut  it  off,  that  is,  from  oomnnmiciitMa 
with  the  hand  by  means  of  a  glass  handle, — ^we  shall  find  Ai^ 
upon  friction  it  will  become  electrical,  like  the  glass  or  dw  Mi^ 
The  firiction  of  two  metals  t(^;ether,  provided  both  be  uiiiiTiti^i' 
will  excite  electricity;  and  if  we  sift  sine  filings  thioiq^tttOJHP' 
sieve,  provided  with  a  glass  handle^'we  shall  find  dii^  thi'dM 
and  the  filings  will  be  oppositely  excited.  > ' 
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s.  When  once  the  attention  has  been  directed  to  the 
aition^  most  persons  will  find  that  such  phenomena  of 
ad  light  are  familiar  occurrences,  and  often  present  them- 
in  suddenly  drawing  off  from  the  person  a  silk  stocking, 
nnel  waistcoat,  or  in  the  friction  of  long  hair,  by  combing, 
mall  a  degree  of  friction  is  sufficient  to  excite  electricity 
human  body,  is  shown  in  a  striking  way  by  placing  a 
upon  an  insulating  stool  with  glass  legs.  If  in  such  a 
n  he  place  his  finger  upon  a  gold-leaf  electrometer,  and 
r  person  flip  him  lightly  with  a  silk  handkerchief,  the 
will  immediately  repel  each  other. 

§  311.  We  may  now  proceed  to  describe  the  means  of 
ing  these  effects  upon  a  large  scale,  and  the  different 
which  have  been  devised   of  exciting,   collecting,   and 
ing  the  electric  fluids. 

2  electrical  machine,  as  it  is  called,  whatever  form  it  may 
!,  resolves  itself  into  a  more  or  less  perfect  way  of  apply- 
glass  the  friction  of  silk,  or  some  other  dissimilar  sub- 
as  in  our  fundamental  experiment,  and  of  drawing  off  the 
ity  as  it  is  excited,  and  collecting  it  in  a  good  insulated 
tor  (72).    In  machines  of  the  more  perfect  construction, 

)  This  figure  represents  the  cylinder  electrical  machine, 
d  according  to  the  plan  of  Mr.  Snow  Harris,     a  6  is  a  glass 


r,  mounted  as  the  figure  represents,  to  turn  upon  two  stout 
illan,  c  d^  strongly  fixed  upon  a  wooden  frame.     It  revolves  by 
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not  only  is  the  vitreous  electricity  collected  in  what  is  called 
tlic  prime  conductor,  but  the  resinous  also  is  accumulated  by 
insulating  the  rubber,  and  connecting  it  with  a  metallic  cylinder. 

Experience  has  shown  that  the  most  effective  exciter  of 
glass  is  a  metallic  substance;  and  when  a  soft  amalgam  of  mer- 
cury, tin,  and  zinc,  is  spread  upon  the  rubber,  it  forms  a  flexible 
metallic  surface  which  is  perfectly  adapted  to  the  purpose  and 
greatly  heightens  the  effect.  Tlie  best  proportions  of  the 
metals  have  been  found  to  be  one  part  of  tin  and  t^'o  of  uim^ 
fused  together,  and  mixed  whilst  fluid  with  six  parts  of  mercurr. 
Tlie  mixture  must  then  be  triturated  in  a  mortar,  ^-ith  a  litde 
lard,  to  the  consistence  of  a  thick  paste.  When  large  cylin- 
ders, or  plates  of  glass,  are  made  to  rotate  by  convenient 
mechanical  means,  pressing  against  cushions  covered  with  thb 
metallic  coating,  they  are  capable  of  producing  all  the  pheno- 
mena  of  attraction  and  repulsion  in  a  high  degree,  and  their 
state  of  intense  excitement  is  accompanied  by  flashes  and  spaifa 
of  brilliant  light,  and  a  crackling  sound  (73). 

When  the  prime  conductor  is  placed  in  its  proper  positioi 
it  receives  from  the  glass,  without  contact  with  it,  a  charge  in 
the  form  of  a  stream  of  fire,  which,  whatever  may  be  the  siie  d 
its  surface,  rises  to  nearly  the  same  intensity  as  that  of  the 
original  source;  and  which  being  thus  accumulated  in  quantity 
will  wholly  pass  off  at  once  to  any  uninsulated  conductor^  or 


means  of  the  handle,  ej*;  g  and  h  arc  two  brass  cylinders  mounted 
upon  two  glass  pillars,  t  and  ^,  to  the  former  of  which  a  cushion  and 
silk  flap,  6,  IS  attached,  and  made  to  press  against  the  glass  by  meau 
of  an  adjusting  slide  and  screw,  n  m;  to  the  second  brass  cylinder,  fi 
is  tittochcd  a  row  of  points,  o  p;  it  goes  by  the  name  of  the  priine 
conductor,  while  the  cylinder  to  which  the  cushion  is  attached  ii 
called  the  negative  conductor. 

(73)  Tlie  annexed  figure  represents  the  plate  machine,  as  eoi- 
stnicted  by  Mr.  Snow  Harris,  so  as  to  give  both  vitreous  and  resinoai 
electricity,  z  z  is  a  circular  glass  plate,  mounted  upon  a  bran  axis,  tad 
turning  in  a  stout  wooden  frame,  perfectly  insulated  by  glass  feet,  bf 
means  of  a  winch,  k.  The  rubbers,  n  n,  are  placed  at  the  extremitieiw 
a  horizontal  diameter  of  the  plate,  and  are  insulated  on  stout  |^ 
pillars,  A  b:  the  flaps  attached  to  them  consist  of  thin  white  nlkycfled 
on  one  side,  cut  to  the  circumference  of  the  plate,  and  each  pair  tf> 
neatly  united  over  the  edge  of  the  plate,  and  are  prevented  fi» 
dragging  upon  it  by  fine  cords  of  silk  attached  to  the  inimlatoWb  O* 
brass  conductor,  B  c  d,  for  collecting  the  electricitj  ezoitad  CA  iNl 
glass,  it  supported  on  a  strong  cylindrical  arm  of  glius,  t  b^  &e 
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ill  in jtantaneouxly  divide  itself  with  an  insulated  one,  by  means 
'■  dense  spark.  Similar  phenomena  maybe  obtained  with  the 
sdnctor  attached  to  the  rubber;  but  to  obtain  the  highest 
ect  irom  either,  it  is  necessary  to  make  a  good  conducting 
nmnnicstion  from  the  other  to  the  ground.  The  reason  of 
I  ia,  that  when  the  two  electricities  are  in  presence  of  each 
er  they  counteract  and  limit  each  other's  intensity;  by  con- 
ting  either  conductor  with  the  earth,  its  charge  is  spread  over 
indefinitely  large  sui^e,  and  virtually  annihilated.    Tliat 

two  conductors  are  in  opposite  electrical  states  is  easily 
red  by  suspentUng  from  each  some  light  substances  which 

itrangly  attract  each  other  when  charged :  and  that  the  two 
tga  are  exactly  equal  is  shown  by  making  a  good  metallic 
mianication  between  the  two,  when  all  signs  of  excitement 

cease  in  both.  The  laws,  or,  so  to  say,  the  mechanism  of 
I  chai^  and  discharge,  we  must  examine  very  attentively 
Brfler.  

J  of  which,  T,  is  united  to  a  brass  cap,  attached  to  a  dore-tailed 
c-fiece,  fitted  to  the  frame. 

lie  conductor,  a  b  D,  for  collecting  the  elertiicity  of  the  rubber, 
■wti  of  two  currilinear  brass  tnbes,  supported  in  an  insulated  ball, 


*>d  in  which  tbey  are  temporarily  united  by  a  spring  piece  passing 
lUo  each  tube.  This  conductor  is  steadily  held  by  its  own  elasticity 
iBDsU  ball  attached  totheflanch-piece,  inunediatelyorerthe  blocks 
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§  312.  And  now^  it  may  be  asked^  where  does  the  charge 
reside  in  a  good  insulated  conductor?  does  it  difiFuse  itself,  liki 
heat^  throughout  the  whole  of  its  substance?  or  is  it  confined 
merely  to  its  surface?  That  it  is  merely  superficial  is  susceptibk 
of  proof  in  several  ways.  If  we  take  a  solid  globe  of  metal,  anc 
electrify  it  to  a  certain  amount^  and  then  bring  it  in  contact  foi 
a  moment  with  a  globe  of  similar  dimensions,  made  of  tb 
thinnest  shell  of  the  same  metal,  we  shall  find  that  the  chaigi 
wiU  distribute  itself  equally  between  the  two.  If  we  take  \ 
hollow  sphere,  with  an  aperture  at  its  upper  part,  and  haTUij 
given  it  a  charge  of  electricity,  touch  its  interior  with  a  smal 
insidated  ball,  upon  bringing  this  proof  ball  in  contact  wid 
an  electroscope  we  shall  find  that  it  will  afford  no  signs  o 
having  received  a  charge;  but,  on  the  contrary,  if  we  touch  tb 
exterior  of  the  sphere,  it  will  carry  away  a  part  of  the  chaijgi 
with  it,  and  affect  the  instrument. 

How  much  the  intensity  of  the  electric  charge  depends  upm 
the  surface  may  also  be  very  elegantly  shown  by  means  of  i 
metallic  ribbon,  coiled  up  by  a  spring,  upon  the  top  of  a  gM 
leaf  electrometer.  When  this  apparatus  is  electrified  the  Icavet 
of  course,  repel  one  another  in  proportion  to  the  charge  whidi 
they  receive.  If  the  ribbon  be  now  drawn  out  by  a  silk  tfantd 
or  other  insulating  handle,  the  leaves  will  approach  each  odifl 
in  proportion  to  the  enlargement  of  the  surface  over  which  the 
electricity  becomes  diffused;  and  as  it  again  coils  itself  up  thej 
will  expand  to  their  ori^nal  amount.  Here  it  is  seen  that  tiM 
quantity  of  the  charge  remaining  the  same,  its  intensity  decreaaa 
with  the  increase  of  the  surface  over  which  it  is  suffered  Ix 
diffuse  itself,  and  that  the  quantity  of  electricity  which  a  gifei 
portion  of  matter  may  receive,  depends  upon  the  dimeiuioiiB  0 
its  external  surface. 

§  313.  The  next  question  which  presents  itaelf  ia,  ban 
does  the  electricity  arrange  itself  around  sur£aoea  of  diffierai 
forms?  in  a  layer  of  equal  intensity  in  every  part,  or  othcnM 
This  question  is  readily  submitted  to  experiment^  by  mourn  of 
small  insulated  disc,  which  being  appUed  to  any  part  of  A 
surface  of  an  electrified  conductorj  becomes  Tirtaally  a  put  i 
that  conductor;  and,  upon  being  removed;,  carriea  widi  it  a  pa 
tion  of  the  chaige  having  the  same  intensity  as  tliat  of  liie  psii 
to  which  it  was  applied,  and  which  may  be  mflaaared  1^  4 
torsion  electrometer.  This  little  instramenl^  IL  CookMi 
designated  as  the  Proqf  Plane. 
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In  this  way  it  has  been  proved  that  in  the  case  of  an  clectri- 
lied  sphere,  the  intensity  is  the  same  at  every  part  of  tlie  sur- 
face;— but  this  is  the  only  form  of  surface  upon  which  this 
equal  distribution  takes  place.  If  two  similar  spheres  be  placed 
in  contact  with  one  another,  it  will  be  found  that  there  are  two 
points  of  greatest  and  equal  intensity  on  their  opposite  sides, 
in  a  line  with  their  points  of  contact,  where  the  force  will  be 
nuIL  So  in  a  cylinder,  or  bar  of  metal,  the  electrical  inten- 
nty  will  be  much  greater  at  the  two  ends  than  in  the  middle, 
and  this  inequality  of  distribution  will  increase  very  rapidly  in 
proportion  to  the  diminution  of  the  diameter  of  a  cylinder  of 
given  length. 

If  two  balls  of  unequal  diameters  be  placed  together,  the 
maiixnum  intensity  of  the  extreme  point  of  the  smaller  sphere 
vill  be  higher  than  that  of  the  corresponding  point  of  the 
laiger;  and  by  adding  a  series  of  balls  in  contact  with  each 
other,  all  gradually  decreasing  in  size,  the  intensity  will  increase 
upon  the  smaller  as  the  diameter  decreases.  We  can  conceive 
a  luccessicm  of  such  balls  gradually  diminishing  till  the  series 
ends  in  a  mere  point,  at  which  the  electric  tension  will  be  at  its 
maximum.  In  consequence  of  this  law  of  distribution,  a  powerful 
dispersion  of  electricity  takes  place  from  all  bodies  of  a  pointed 
hnn;  the  intensity  upon  them  increasing  to  such  an  extent  that 
the  surrounding  insulating  medium  of  air  gives  way  before  it, 
nd  no  longer  suffices  to  constrain  it. 

§  314.  Our  attention  has  hitherto  been  directed  to  the 
deetridty  which  is  developed  upon  the  surfaces  of  two  dissi- 
nikr  substances  by  mutual  friction;  or  which  has  been  trans- 
bred  to  odier  bodies  from  such  excited  substances  by  contact 
tad  direct  communication.  We  have  now  to  examine  a  remark- 
ibk  influence  which  an  electrified  body  exerts  upon  other 
lodiee  at  such  distances  firom  it  as  prevent  the  direct  transfer 
(  my  portion  of  the  charge :  the  neutral  state  of  an  insulated 
ondnctor  in  its  immediate  vicinity  is  destroyed.  If  it  be  in 
^  fiyrm  of  a  cylinder,  furnished  with  electroscopes  at  each 
Etremitj  and  also  at  its  centre,  when  one  end  is  placed  near 
le  diaiged  sabstance  we  shall  find  the  two  extreme  electro* 
indicating  electrical  activity,  while  the  centre  remains 
it.  Upon  slowly  withdrawing  the  excited  body,  these 
jcoodwy  daCfcrical  ngns  gradually  decrease^  and  finally  dis- 
ppsv  vpOB  its  complete  removal  ordiachaige.    Upon  examine 

r3 


244 


ELECTRICAL  INDUCTION. 


ing,  by  the  proof  plane  and  torsion  electrometer,  the  kind  of 
electricity  developed  by  this  distant  influence,  we  shall  find  that 
the  end  of  the  cylinder,  which  is  the  nearest  to  the  originally 
charged  body,  is  in  an  opposite  state  to  that  body,  and  the 
furthest  end  in  the  same  state;  that  the  cylinder  has,  ui  bet, 
had  a  polar  state  communicated  to  it:  '^  that  it  has  had  equal 
and  opposite  powers  communicated  to  it  by  a  common  con- 
dition/' (§  16).  This  distant  action  of  an  electrified  body,  by 
which  its  own  charge  is  in  no  degree  lessened,  is  distinguished 
by  the  name  of  induction:  the  secondary  state  of  the  neigh- 
bouring body  is  called  induced  electricity:  and  the  body  itself  is 
said  to  be  under  induction.  Further,  the  originally  active  body 
is  conveniently  distinguished  as  the  inductric  or  inductive  body, 
and  that  under  its  influence,  as  the  inducteous  body  (74). 

§  315.  If,  whilst  in  a  state  of  electric  induction,  tliat  end 
of  the  cylinder  which  is  most  remote  from  the  inductric  body 
have  its  electricity  discharged  by  a  momentary  contact  with  an 
uninsulated  conductor,  upon  removal  of  the  inductric  body,  or 
its  discharge,  the  cylinder  will  be  found  to  be  permanently 
electrified  with  the  contrary  electricity:  or  if  the  cylinder  be 
divisible  into  two  at  its  centre,  and  while  under  induction  ^ 
opposite  ends  be  separated  from  each  other,  one  will  be  found 
permanently  electrified  vitreously,  and  the  other  resinonslyy 
upon  removal  from  the  influence  of  the  originally  charged  body. 
In  the  theoretical  language  of  Du  Fay's  hypothesis,  the  fluid 


(74)  Let  a  represent  an  electrified  ball,  and  6  c  an  insolatc' 
metallic  cylinder,  nciir  it,  the  feather  attached  to  the  end,  6,  will  be 
attracted,  and  show  thut  it  is  in  an  opposite  state  to  that  of  tbe 
charged  ball.     If  cf  e  be  a  second  insulated  cylinder,  placed  near  die 


first,  it  will  also  show  signs  of  electrical  chaige,  and  the  eztnmi^ 
will  be  in  an  opposite  state  to  the  end,  c,  of  the  fint  cylindo^  te  d 
feathers  attached  to  the  two  will  attract  each  other.    Upoii 
the  ball,  a,  from  the  vicinitj  of  the  first  cylinder,  or  apon  ^ 
it,  all  signs  of  electricity  in  the  two  eylinden  will  dimpptM 
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opposite  name  to  that  of  the  originally  excited  body  is 
iwn  to  that  extremity  of  the  cylinder  which  is  the  nearest  to 
while  that  of  the  same  name  is  repelled  to  the  greatest 
tance.  When  the  latter  is  withdrawn^  and  the  induction 
(troyed^  it  cannot  return  to  neutralize  the  former,  which 
isequently  remains  in  an  active  state. 

This  polar  state  may  be  excited  in  a  long  series  of  insidated 
iductors,  by  induction;  the  intensity,  however,  of  the  forces 
Teasing  rapidly  as  the  distance  from  the  originally  charged 
ly  increases.  Throughout  the  system  the  vitreous  pole,  or 
[y  of  one  will  be  opposed  to  the  resinous  pole  of  another,  and 

intensity  of  all  will  rise  by  connecting  the  last  with  the 
and. 

§  316.  Having  thus  distinguished  these  different  kinds  of 
ion  into  which  electricity  has  been  conventionally  subdivided, 
may  now  proceed  to  examine  more  closely  the  mechanism 
the  phenomena;  for  an  explanation  of  which  we  are  wholly 
ebted  to  the  recent  researches  of  Dr.  Faraday.  Up  to  the 
e  of  his  discovery,  the  phenomena  of  induced  electricity 
"e  supposed  to  arise  from  an  action  of  a  charged  body  upon 
en  at  a  distance,  in  straight  lines,  through  non-conducting 
dia;  the  particles  of  which  were  assumed  to  be  unaffected  by 
He  has  shown  induction,  on  the  contrary,  to  be  an  action 
contiguous  particles  throughout,  capable  of  propagation  in 
Ted  lines,  and  to  be  concerned  in  all  electrical  phenomena; 
.4ng  in  reality  the  character  of  a  first,  essential,  and  funda- 
ntal  principle. 

§  317-  We  have  seen  that  one  electric  force  cannot  be 
>duc€^  without  an  exactly  equal  development  of  the  other; 
i  upon  more  attentive  examination  we  shall  find  that  no  kind 
matter,  either  conducting  or  non-conducting,  is  capable  of 
xiving  a  charge  in  any  way  of  one  kind  of  electricitj^  inde- 
ndently  of  the  other,  or  without  calling  forth  an  equal  amount 
the  opposite  force  in  adjacent  bodies.  It  was  formerly  sup- 
oed  that  the  electric  fluid  was  confined  to  the  surfaces  of 
kScs  by  the  mechanical  pressure  of  the  non-conducting  air,  in 
e  midst  of  which  all  our  experiments  are  carried  on;  but  the 
ct  is,  that  the  electric  force  originating  or  appearing  at  a 
ntain  place,  is  propagated  to,  and  sustained  at,  a  distance, 
trough  the  intervention  of  the  contiguous  particles  of  tlie  air. 
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each  of  which  becomes  polarized  as  in  the  case  of  insulated 
conducting  masses^  and  appears  in  the  inducteous  body  as  a 
force  of  the  same  kind  exactly  equal  in  amount,  but  opposite  m 
its  direction  and  tendencies. 

Such  a  forced  arrangement  of  the  molecules  cannot  be  made 
to  appear  to  the  eye  in  the  case  of  the  air,  but  is  established  by 
the  most  perfect  inductive  reasoning;  and  a  similar  dispoution 
may  actusdly  be  exhibited  by  substituting  a  liquid  non-con- 
ductor for  the  air  under  similar  circumstances.  If  we  take  a 
tall,  wide-mouthed  glass-vessel,  and  place  it  upon  the  prime 
conductor  of  the  electrical  machine,  taking  care  that  there  may 
be  a  good  metallic  communication  through  its  bottom,  and  then 
fill  it  with  spirit  of  turpentine  containing  some  threads  of  white 
silk  about  one-eighth  of  an  inch  in  length  disseminated  through 
it,  they  will  be  little  affected  upon  turning  the  machine  till  a 
metallic  conductor  is  held  near  the  surface  of  the  liquid.  Upon 
presenting,  however,  such  a  body,  they  will  immediately  erect 
themselves,  and  collecting  from  all  parts,  will  attach  themsdva 
to  each  other  end  to  end,  and  form  a  continuous  chain  from  the 
conductor  to  the  exterior  metal,  towards  which  they  will  alwap 
incline  as  it  is  moved  in  different  directions.  These  partidei 
will  adhere  together  with  considerable  force,  as  may  be  felt  hf 
touching  them  with  a  rod  of  glass;  but  the  moment  the  con- 
ductor is  discharged,  they  fall  upon  their  sides,  and  sink  to  the 
bottom. 

Now  these  solid  threads  of  silk  accurately  represent  the 
fluid  particles  of  the  spirit  in  which  they  float,  or  of  the  ur 
which  is  interposed  between  a  charged  conductor  and  sur- 
rounding bodies,  and  obviously  assume  a  polar  state,  exacdj 
resembling  that  of  insulated  conductors  in  similar  circomstanoes 
(75).     If,  instead  of  silk  threads,  we  occasion  particles  of  gold- 


(75)  In  the  annexed  diagram,  let  a  represent  an  itiiilo*^^  alee- 
trified  ball  placed  within  an  uninsulated  metallic  sphere,  a  b  e  d^  tXki 
with  a  non-conducting  medium,  whose  particles  are  repiesented  fajAe 
small  included  circles.  These  will  be  all  thrown  into  a  polar  M»t 
indicated  by  the  shading,  resembling  the  silk  particles  in  the  ^iiit  ef 
turpentine:  their  dissimilar  poles  will  be  all  tamed  towards  tliA  Ml  h 
and  in  this  way  their  combined  influence  will  be  thrown  upon  At 
metallic  sphere,  abed,  which  will  thus  have  a  force  of  the  ^fff^ii^ 
kind  to  that  upon  a,  developed  upon  it,  of  exactly  equal  anumiil^  W 
diffused  over  Uie  larger  surfiioe.  Strictly  speakings  the  sphcn  ilsdf 
will  be  in  a  polarised  state,  but  the  decbioity  on  its  other  iwftes^if 
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leaf  to  float  in  the  spirit  of  turpentine,  the  resemblance  will  be 
perfect;  for,  on  approaching  them  with  a.  rod  of  metal,  when 
the  conductor  is  charged,  they  immediately  start  on  end  as  if 
endued  with  life,  assume  the  polar  state,  attract  each  other  end 
to  end,  but  owing  to  their  perfect  conduction,  discharge  their 
tlectridty  by  minute  sparks. 

Eftch  polarized  particle  is  in  active  relation,  not  only  to  a  line 
of  particles  in  some  definite  direction  from  it,  but  to  all  those 
which  are  contiguous  to  it.     Hence,  there  is  a  lateral  difiiision 

it  ume  name  as  that  of  the  interior  ball,  will  be  virtually  umihilated 
b;  being  in  metallic  communicatioii  with  the  indefiaitely-large  aurface 
tflheeuith. 

Horeorer,  the  force  distributed  upon  a  b  c  d,  the  quantity  of 
iHuch  is  just  equiTalent  to  that  upon  a,  will  be  reduced,  at  auy 
(inii  point,  in  intensity,  in  proportion  to  the  square  of  the  distance 
&BBI  the  centre  of  the  sphere. 

It  is  conceired  that  the  polarised  particles  are  capable  of  affecting 
ocfa  other,  not  only  in  itiaight  lines  as  in  the  quadrant  a  fi  c,  but  in 
hn  diverging  from  their  centres,  as  shown  in  the  quadrant  xb  a. 


ELEC'TRICAI>  INDUCTION. 


of  force,  aiid  the  Unea  of  inductive  action,  vhen  unobstructed, 
tend  to  spread  as  from  a  centre;  or  may  assume  a  cuned  dit«r- 
tion  wliei)  any  obstacle  opposes  their  free  radiation  (76)- 

^  318.  The  reason  of  the  residence  of  all  the  clerthntr 
upon  the  exterior  surface  of  a  chained  body,  and  of  the  influemt 
uf  the  form  of  the  body  upon  its  distribution,  will  readily  appnr 
from  considering  this  inductive  process.      No  chai^  oui  be 


CjH)  In  consctjucnce  of  the  lateral  action  of  the  particli»  npM 
one  another,  if  u  c  be  an  obstacle  interposed  in  the  course  of  [it 
induction  irom  a  ta  o  l>  c  d,  the  particles  1  2  3  4  5  (>  7  »ill  be  pn- 
teeted  from  the  influence,  but  the  induction  will  affect  the  pardclcK 
by  the  bending  nf  thp  lines  of  force  on  each  side  of  it. 


The  paitiGles  12  8  4  6  6  7  tbemselTei,  allliotigh  here  ajiuwiiri 
in  their  natural  statp,  vill  be  affected  by  a  reflex  action;  but  irill  k 
]>olariaed  to  a  much  lower  decree  than  those  within  tlie  iaflnwc  tf 
the  direct  action. 
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istained  in  the  interior  of  the  globe  in  which  we  sought  it  in  a 
■evious  experiment  {|  312),  in  consequence  of  opposing  actions 
I  different  directions  (77);  but  if,  instead  of  touching  it  with  a 
nail  insulated  ball  which  brought  away  no  electricity  nith  it, 
e  touch  it  with  an  insulated  rod,  a  part  of  wliich  projects 
cyond  the  sphere,  a  charge  will  be  obtained. 

Dr.  Faraday  constructed  an  insulated  cubic  room  of  twelve 
ctt  in  the  side,  into  which  he  went  with  aU  his  apparatus  of 
liglited  candles,  electrometers,  and  all  other  tests  of  electrical 
Hates,  and  coiJd  find  no  influence  upon  them,  although  the 
mom  itaelf  was  highly  charged  by  a  powerful  electric-niacliine, 
and  large  sjmrks  and  brushes  were  darting  off  from  cverj-  ])art 
of  its  outer  surface. 

The  arrangement  which  strips  of  conducting  substances  tied 
bigFther  and  electrified  at  one  end  assume,  indicates  vcr)'  clearly 
Ibe  direction  of  the  lines  of  inducriun,  and  the  influence  of  siir- 
niuiicling  objects.  Strips  of  paper  placed  u])on  a  long  rod  in 
ronnesion  witli  the  prime  conductor  of  tlie  machine,  in  the 
centre  uf  a  large  apartment,  will  open  out  equally  like  radii 
from  the  centre  of  a  sphere;  but  if  any  conducting  body  be 
■ppruxiinated  tu  them  in  their  charged  state,  they  will  incline 
tonrds  it  fmm  the  concentration  of  the  force  upon  its  nearer 
iu&ce  (78). 

(77)  Thus,  referring  back  to  Fig.  75,  if  we  suppose  a  be  d  to  he 
I  bollow  sphere  charged  iritli  electricity,  an  insulated  ball,  A,  intro- 
Dced  into  it,  and  touching  it  in  any  part,  could  receive  no  cliiirgc, 
MMiie  being  surrounded  by  a  surface  in  one  electric  condition,  it 
onU  not  induce  the  opposite  state  by  polarizing  the  surrounding  air, 
r  whkli  alone  a  charge  could  be  sustained.  This  irill  be  obvious  at 
KC^  hj  iuppoting  the  ball,  a,  shaded  the  same  as  the  circle,  abed, 

denote  a  rimitar  state  of  electricity, 
boi  the  polarixed  state  of  the  particles 
preiented  in  the  diagram  would  be  seen 
be  impoMifale. 

(78)  Tliis  is  illutrated  by  the  ridicu- 
U  figwe  of  dte  head  of  hair,  which  is 
common  olectrical  experiment.  'VS'hen 
wtiified,  the  hair  stands  on  end;  and 
A  flbn,  ■■  if  in  a  state  of  repulsion 
Ni  ili  aeigbboiir,  is  attracted  by,  and 
H^m.  lummtim,  the  pmnt  which  is  near- 
t  to  it  IB  Hbe.  <9pontelf  induced  state. 
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§  319.  The  mutual  repulsion  of  these,  and  in  general  of 
all  similarly  electrified,  bodies  is  only  apparent,  and  arises  from 
the  absence  of  mutual  attraction  between  their  opposed  sur&oes, 
while  they  are  attracted  in  opposite  directions  by  surrounding 
substances,  in  which  a  dissimilar  state  is  induced. 

If  a  large  gold-leaf  electrometer  be  constructed  of  gilt- 
paper,  exposing  a  surface  of  some  square  inches  when  it  is 
thrown  into  action,  its  state  may  be  tested  by  a  proof  plane 
or  carrier  ball;  and  it  will  be  found  that  no  charge  can  be 
obtained  from  the  opposite  interior  surfaces  of  the  leaves,  but 
that  the  exteriors  alone  are  in  an  active  state. 

Even  the  prime  conductor  of  the  electrical  machine  itself 
may  be  of  such  a  construction  as  to  afford  proofs  of  no  electrictl 
charge  upon  some  portions  of  its  surface,  while  strong  spailu 
may  be  drawn  from  others.  If  we  place  eight  or  ten  metallic 
rods  upon  it,  each  terminated  with  a  ball,  and  all  diveiging 
from  one  common  centre,  strong  sparks  may  be  drawn  from 
each  extremity  while  the  surfaces  of  any  of  the  interior  rods  of 
the  group  may  be  tested  with  the  proof-plane,  and  will  give  no 
indications  of  charge. 

§  320.  The  known  influence  of  simple  form  to  which  we 
have  already  referred  (§  313),  is  perfectly  consistent  with  the 
new  corpuscular  view  of  induction.  An  electrified  cylinder  is 
more  affected  by  the  influence  of  the  surrounding  conducton 
(which  are  necessary  to  its  charge)  at  the  ends  than  the  middle^ 
because  the  ends  are  exposed  to  a  greater  sum  of  indodive 
forces  than  the  middle;  and  a  point  is  brought  to  a  higher  con- 
dition than  a  baU,  because  by  relation  to  the  conductors  aronndi 
more  inductive  force  terminates  upon  its  surface  than  on  an 
equal  surface  of  the  ball  with  which  it  is  compared  (79). 

§  321.  A  certain  degree  of  analogy  may  here  be  pointed 
out  between  electricity  and  the  action  and  reaction  of  diaticitj 


(79)  Our  comprehension  of  this  statement  may  peiliiys  ke 
assisted  by  again  referring  to  Fig.  75.  The  charge  of  die  baU,  4,  m 
we  have  already  explained,  is  sustained  by  induction,  and  the  wainKJ 
state  of  the  suirounding  sphere,  abed.  I^  instead  of  the  ball  i|iM 
imagine  a  point  to  be  introduced,  it  will  be  obviooa  tint  all  tbe  liMi 
of  force  indicated  by  the  polarised  partidei,  whidi  wen  diildMlil 
over  the  sui&oe  of  the  ball,  would  be  ooncentntad  upon  tte  ffia^ 
and  that  consequently  the  latter  might  rise  to  a  hi^er  dcgm  ef 
intensity  than  the  fivmer. 
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B  exhibited  in  a  spring,  and  may  be  useful  in  fonning  a  concep- 
on  of  the  mode  of  action  of  electrified  bodies. 

In  a  coiled  steel  spring  we  have  a  piece  of  metal^  capable 
f  having  a  force  elicited  in  it  which  is  inactive  till  it  is 
died  forth  by  some  exterior  agent.  The  necessary  con- 
tion  of  its  action  is^  that  it  must  be  exerted  to  the  same 
^ree  in  opposite  directions.  If  we  either  compress  or  extend 
,  we  can  feel  its  action  and  reaction,  or  estimate  it  by  other 
;qx)sing  forces.  We  not  only  ascertwi  in  this  manner  the 
[iposite  forces  at  its  two  extremities^  which  we  may  deno- 
linate  positive  and  negative;  but  we  perceive  that  every  inter- 
lediate  coil  is  in  a  similar  state  of  action  and  reaction^  or  in 
ict,  in  a  polar  state.  In  estimating  the  amount  of  force 
Kerted^  we  measure  it  in  one  direction,  and  take  it  for  granted, 
lat  the  amount  in  the  opposite  direction  is  equal.  And  so  it 
I  with  electricity;  all  the  positive  and  negative,  or  vitreous  and 
esmous  phenomena  of  which,  may  probably  be  explained  by 
be  action  and  reaction  of  one  force  capable  of  being  elicited  in 
Afferent  degrees  in  different  kinds  of  matter,  more  simply  than 
)y  any  hypothesis  of  imponderable  fluids.  The  two  opposite 
orces  of  electricity,  in  fact,  resemble  action  and  reaction  per- 
betly,  inasmuch  they  have  the  same  origin  and  always  accom- 
pany eadi  other. 

§  322.  Induction  requires  no  sensible  thickness  in  the 
oondoctors  which  may  be  used  to  limit  its  extent;  an  unin- 
ndated  leaf  of  gold  may  be  made  very  highly  vitreous  on  one 
side,  and  as  highly  resinous  on  the  other,  without  the  least 
interference  of  the  two  states  whilst  the  inductions  continue. 
Bat  with  regard  to  the  insulating  media,  their  thickness  has  an 
immediate  and  important  influence  on  the  degree  of  induction. 
There  is  perhaps  no  distance  so  great  that  induction  cannot 
take  place  through  it;  but  with  the  same  original  charge  or 
constraining  force,  it  takes  place  the  more  easily  according  as 
the  extent  of  the  medium  through  which  it  is  exerted  is 
lessened.  The  particles  of  the  latter,  though  thrown  into  a 
forced  condition  during  the  action,  tend  to  return  to  a  normal 
>tite;  and  the  fewer  there  are  exerting  this  tendency,  the 
'righer  will  be  the  condition  they  assume,  and  the  larger  the 
^oont  of  inductive  action  exerted  through  them. 

§  323-  If  an  insulated  brass  plate  be  connected  with  a 
gokUleaf  electrometer,  a  charge  of  electricity  may  be  conmiu. 
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Tiicated  to  it  which  will  be  sustained  in  consequence  of  iuductidu 
tlirough  the  air  towards  distant  surrounding  objects,  and  its 
intensity  will  be  indicated  by  the  divergence  of  the  leaves:  this 
divergence,  it  being  now  understood,  not  arising  from  any  self- 
repulsive  property,  but  from  the  attraction  in  opposite  directions 
of  the  oppositely  electrified  inducteous  bodies  uncompensated 
by  any  attraction  between  themselves.  When  in  this  state,  if 
another  equal  plate,  also  insulated,  be  opposed  to  it,  as  it  is 
made  to  approximate  to  it  the  leaves  of  the  electrometer  niD 
full;  the  process  of  induction  being  directed  almost  wholiv 
through  the  thin  intervening  stratum  of  air  to  the  nearer  body, 
which  will  itself  be  in  the  polar  state.  If  the  second  plate  be 
now  uninsulated  by  connecting  it  with  the  ground,  the  leaves 
will  still  further  collapse  as  the  electricity  of  the  same  kind  with 
that  of  the  inductric  body  will  be  virtually  annihilated  by 
dillusion  over  the  indefinitely  large  surface  of  the  earth.  When 
the  second  plate  is  again  withdrawn,  the  leaves  will  reopen  to 
their  former  extent,  indicating  that  the  inductive  process  has 
resumed  its  former  direction. 

§  324.  The  inductric  plate,  whilst  under  the  influence  of 
the  second  plate,  appears  to  be  capable  of  receiving  a  higher 
charge  of  electricity,  and  the  leaves  of  the  electrometer  may  be 
made  to  open  out  to  the  same  amount  as  in  the  absence  of  the 
latter ;  for  the  cliarge  will  not  only  be  sustained  by  the  in- 
ducteous plate,  but  also  by  surroimding  objects  as  before  it  was 
placed  in  its  position.  When,  under  these  circumstances,  the 
second  plate  is  again  removed,  the  accumulation  which  has  been 
effected  will  be  indicated  by  an  expansion  of  the  leaves  &r 
beyond  their  original  amount;  the  whole  being  now  thrown 
upon  the  surrounding  conductors. 

This  is  the  principle  of  the  action  of  an  instrument  whidi 
has  been  called  the  condenser,  by  which  small  quantities  ci 
electricity  may  be  accumulated  and  rendered  apparent  (80). 


O' 


^  It  iB 

'^i-  -I 

^■yj  move 

.   R  n_j_^   in  a 


(80)  One  form  of  the  condenser  is 
exhibited  in  this  figure,  in  section:  i  ii> 
brass  plate  supported  upon  a  glass  stev; 
a  is  another  brass  plate  of  the  same  PM 
as  the  former,  capable  of  being  placed  n 
close  to  it  as  possible  without  toiidiiii|i 
supported  by  a  brass  stem,  whidi 
moves  upon  a  hinge  joint:  it  b  sbowi 
second  position  at  c. 
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{  325.  The  attraction  of  bodies  free  to  move,  by  others 
an  electrified  state,  is  in  all  cases  owing  to  the  previous 
relopmeiit  of  the 'opposite  condition  by  induction.  This  is 
autifully  shown  in  an  arrangement  of  Mr.  S.  Harris,  in  which 
ircular  pUte  of  gilded  wood  is  suspended  by  insulating  threads 
im  one  of  the  arms  of  a  delicate  balance,  and  counterpoised, 
pon  its  upper  surface  is  fixed,  by  a  hinge  joint,  a  small  lever 
straw  terminating  in  a  pith  ball.  When  a  similar  jilate 
lai^d  is  brought  under  this  suspended  plate,  tlie  pith  ball 
dicates  by  its  repukiun  the  inducteous  state  which  precedes 
«  descent  of  the  plate  from  the  attractive  force.  When  they 
line  in  contact,  the  original  charge  is  divided  between  the  two 
btes,  and  mutual  repulsion  appears  to  take  place.  This  appa- 
:nt  repulsion  again  is  dependent  upon  the  attraction  of  each  in 
pposite  directions,  by  tlie  inductric  action  which  it  exerts  upon 
uiTounding  bodies. 

.\  pith  ball,  or  other  light  substance,  placed  upon  a  con- 
lotting  surface  under  an  electrified  plate,  is  rendered  inducteous, 
md  drawn  upwards;  but  when  it  comes  in  contact  with  the 
pltte  its  inducteous  state  is  destroyed,  it  is  chained  with  similar 
dcctricity,  and  becoming  inductric,  it  is  attracted  downwards, 
>nd  parts  witli  its  charge. 

In  a  similar  way  induction  always  precedes  charge  in  insulated 
ttndnctors,  and  the  prime  conductor  of  the  machine  has  the 
kbikhis  state  strongly  elicited  upon  its  points  previously  to  its 
Ittnnmig  charged  with  the  vitreous  electricity  of  the  excited 


§  386.  There  is  another  instrument  of  electrical  research, 
oOtd  tlie  deetrophorvt,  which  is  well  calculated  to  illustrate 
*ml  intereBting  points  of  the  process  of  induction.  It  con- 
*A  of  K  plate  of  resinous  matter  about  half  an  inch  thick. 


k  coBdnwer,  rinulsr  to  that  is  i. 
NnC^  flgmra,  ii  hcie  ihofnt  in  co 
*KiM  with  ■  g^d-leaf  eketrometer. 
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placed  upon  a  plate  of  metal.  A  second  polished  metal  plate  of 
rather  smaller  diameter^  is  fitted  with  a  glass  insulating  handle, 
by  which  it  can  be  lifted  on  or  off  the  upper  surface  of  the  plate 
of  resin.  When  the  resin  has  been  excited  by  gentle  friction 
with  dry  fur  or  flannel,  and  the  plate  placed  upon  it  by  its 
handle,  and  immediately  removed,  it  will  be  found  to  have 
received  a  very  feeble  charge  of  resinous  electricity  by  contact 
If  it  be  then  replaced  and  xminsulated  by  contact  with  the  finger 
or  a  metallic  rod,  and  again  lifted  by  its  insulating  handle,  it 
will  be  found  to  give  a  strong  spark  of  vitreous  electricity.  This 
process  may  be  repeated  an  unlimited  number  of  times  without 
requiring  any  fresh  excitation  of  the  plate,  which  circumstance, 
as  well  as  the  opposite  nature  of  the  charge,  shows  that  the 
electricity  of  the  moveable  plate  is  not  derived  in  the  way  of 
charge  from  the  resin,  but  is  the  result  of  the  process  of  induce 
tion.  The  metallic  plate  cannot,  in  fact,  be  considered  in 
absolute  contact  with  the  resinous,  owing  to  the  inequalities  of 
the  surface  of  the  latter :  the  former,  therefore,  is  precisely  in 
the  state  of  a  conductor  opposed  to,  but  not  touching,  an  deo- 
trified  surface;  and  therefore  capable  of  being  rendered  electricd 
by  induction,  when  iminsulated  by  contact  of  the  finger.  As 
the  resin  loses  but  little  of  its  acquired  charge  by  each  contact, 
the  instrument  is  capable  of  being  used  as  a  permanent  soinve 
of  electricity  always  at  command,  and  in  a  dry  atmosphere  wiD 
remain  in  action  for  many  successive  months  (81). 

§  327*  When  the  electrophorus  is  placed  upon  an  inn* 
lating  stand,  its  lower  plate  is  always  found  in  an  opposite  state 
to  the  upper  one ;  proving  that  the  friction  of  the  upper  surface 
communicates  a  polar  state  to  all  the  particles  of  the  resin  whidi 
penetrates  even  through  its  mass.  This  charge  it  is  necesaaiy 
to  remove  by  contact  with  an  uninsulated  substance^  to  give  InD 
effect  to  the  opposite  charge  upon  the  upper  plate. 


§  328.  It  was  by  an  apparatus  constructed  upon  simibr 


(81)  This  figure  lepresenti  Ai 
electrophoms.  a  a  an  two  BWhlw 
plates^  and  6  a  plate  of  zesiiioiia  wMt* 
The  upper  metellic  plato  hu  «b  is*' 
latmg  handle^  e^  by  which  it  flB  ^ 
lifted  from  its  poiitioii,  and  nptaeeL 
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I  that  Dr.  Ftraday  brought  to  the  test  of  experiment 
etical  anticipation  that  indactire  action  taking  place 
f  through  the  intermediate  influence  of  intervening 
-ould  be  found  to  be  exerted^  not  in  the  direction  of 
ines  only,  as  had  always  been  assumed,  but  also  in 
les.     A  cylinder  of  solid  ihell-lBc  of  about  an  inch  in 

and  seven  inches  in  length,  was  fixed  in  a  wooden 
ras  made  concaTe,  or  cupped,  at  its  upper  extremity, 

brass  ball,  or  hemisphere,  could  stand  upon  it.  Tlie 
If  of  the  stem  having  been  excited  resinously  by  friction 
m  flannel,  a  brass  ball  was  placed  upon  the  top,  and 

whole  arrangement  examined  by  the  carrier  ball  and 
<*s  electrometer. 

his  porpose  the  carrier  was  applied  to  various  parts  of 
the  two  were  uninsulated  whilst  in   contact,  or  in 

then  insulated,  separated,  and  the  chaige  of  the  carrier 
1,  as  to  its  nature  and  force.  Of  course  whatever 
itate  the  carrier  acquired  in  any  place  where  it  was 
ted,  and  then  insulated,  it  retahied  on  removal  from 
e,  and  the  diBtribution  of  the  force  upon  the  sur&ce  of 
cteoua  body  while  under  the  influence  of  the  ind»eMc 
Ttained.  The  charges  taken  &om  the  ball  in  this,  its 
ted  state,  were  always  vitreous,  or  of  the  contrary 
r  to  the  electricity  of  the  lac  When  the  contact  was 
the  under  part  of  the  ball,  the  measured  degree  of  force 
';  when  in  a  line  with  its  equator,  270°;  and  when  on 
tfthebaU,  130°  (82). 


The  shell'Iac  electrophoms,  with  the 
upon  its  summit,  is  here  ezlulnted, 
nth  the  poritions  of  the  carrier  ball, 
>  in  the  text.  When  placed  at  d,  the 
laced  was  512°;  at  c,  270°;  at  b,  130P. 
he  position  «,  the  proof  ball  became  W 
^  and  at  a  it  was  affected  in  the  highest 
d  gave  a  result  above  1000°. 
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Now,  the  first  two  charges  were  of  such  a  nature  as  might 
be  expected  from  an  iticluctire  action  in  straight  lines ;  hut  the 
last  was  clearly  an  action  of  induction  in  a  cun-ed  line;  for 
during  no  part  of  the  process  could  the  carrier  ball  be  connected 
by  a  straight  line  with  any  part  of  the  e:ccited  and  inducting 
shell-lac.  To  render  the  experiment  still  more  decisive,  the 
carrier  hall  was  not  placed  in  contact  with  the  larger  ball  at  all, 
but  a  little  above  it;  when,  having  been  uninsulated,  insulated, 
and  aftera-ards  examined,  it  was  found  charged  ritreously,  and 
even  to  a  higher  degree  than  when  it  had  been  in  contact. 

§  329.  If  instead  of  the  ball  a  disc  or  hemisjihere  of 
metal,  of  two  inches  diameter,  be  used,  no  charge  will  be  given 
to  the  carrier  when  placed  on  its  centre  ;  but  when  placed  C<Ni- 
siderably  above  the  same  spot,  a  charge  will  be  oht^ned ;  and 
this  even  if  the  plate  be  merely  a  thin  film  of  gold-leaf.  Hence 
it  is  clear  that  the  induction  is  not  through  the  metal,  but 
through  the  air,  and  that  in  curved  Unes,  by  which  it  turns  the 
comer  of  the  plate.  The  course  of  the  inductric  action  may  thn 
be  disturbed  from  its  rectilineal  direction  by  the  shape  and 
position  of  the  metallic  plate ;  and  the  lines  of  direction  viU 
assume  a  curved  fonn  in  consequence  of  their  lateral  tension  un 
one  another;  all  depending,  as  Dr.  Faraday  conceives,  on 
induction  being  an  action  of  the  contiguous  particlea  of  tbe 
insulating  body,  thrown  into  a  state  of  polarity  and  tension*  and 
capable  of  communicating  their  forces  in  all  directions  (83). 

When  uninsulated  conducting  matter  was  brought  near  ta 
the  excited   shell-lac  stem,   tlie  inductive   force  was  directed 


(63)  'When  the  carrier  ball  waa  placed  ia 
tho  respectiTe  positions  delineated  in  iJie  Bpit, 
at  i,  the  force  was  112°;  at  i,  108°;  at  I,  BPi 
at  M,  35°;  the  inductive  force  gradually  dbu- 
nishiDg  to  this  point.  But  on  niinng  the  obbb 
to  tho  position  »,  the  charge  incnasod  to  8]^i 
and  on  raiting  it  still  higher,  to  o,  it  atill  finds 
increased  to  102°.  At  a  higher  pant  a"" 
the  charge  decreased  to  96°,  aaA  i 
diminish  for  more  elevated  podtioi 

The  anal(^  between  theae  i 
results,  and  the  theoretical  dedoi 
■ented  in  Fig.  76,  will  be  at  ones  v 
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rds   it,  and  could  not  be  found  on  tlie  top  of  the  plate. 

lateral  tension,  or  mutual  repulsion,  of  the  lines  was  so 
n  lessened,  that  no  inducteous  charge  could  be  given  to  the 
er  ball  in  that  position ;  but  upon  removing  the  matter,  the 

of  force  resumed  their  former  direction. 

§  330.  The  phenomena  of  induction,  which  we  have  been 
aining,  we  have  considered  principally  as  produced  by  tlic 
■vention  of  the  aerial  molecules  of  our  atmosphere :  we  most 

enter  upon  a  closer  investigation  of  the  inductive  properties 
ither  insulating  media.  We  have  already  found  that  liquid 
>f  turpentine  is  capable  of  undergoing  the  same  polarization 
articles ;  and  we  have  had  reason  to  conclude  from  one  of 

properties  of  the  electrophorus,  that  resinous  solids  are 
xptible  of  the  same  forced  arrangement  under  the  influence 
m  excited  chaise.  All  insulating  substances,  ur  suhstant^s 
ch  are  capable  of  this  peculiar  development  of  titc  two 
■osite  electrical  forces,  whether  solid,  liquid,  or  aeriform.  Dr. 
vday  classes  together  under  the  name  of  dielectrics. 

^  331.  We  have  seen  (§  324}  that  by  approximating  a 
tallic  plate  to  a  charged  conductor,  so  as  to  leave  on  inter- 
ling  portion  of  air,  the  conductor  is  capable  of  receiving  a 
^er  charge,  and  &e  air  of  assuming  a  higher  polar  tension, 
in  when  the  charge  is  susbuned  by  distant  objects  in  ordinary 
The  tension  increases  with  the  thinness  of  the 
1,  and  is  in  inverse  proportion  to  the  squares  of  the 
■  of  the  two  plates,  or  rather  to  the  number  of  the 
I  of  the  interposed  dielectric.  It  is  necessary  to  the 
;  of  &e  maximum  effect  that  the  second  plate  be 
' ;  that  is  to  say,  that  it  be  prevented  itself  from 
nnung  tlie  polar  state  by  the  annihilation  of  its  remoter 
ndate  force,  by  the  reaction  of  which  the  induction  would 
e  be  limited :  or,  more  accurately  speaking,  by  allowing 
B  itadf  over  the  indefinitely  large  surface  of  the  earth, 
nbf  proportionately  bwering  its  tension.  The  rise  of  the 
tt,  under  these  drcumstances,  is  ultimately  limited  by  the 
obitity  of  the  particles  of  the  air,  in  consequence  of  whidi  the 
uillbrium  is  restored  cdther  nlenUy  or  in  the  form  of  a  spark. 
But  if  a  solid  ^electric  be  substituted  for  the  air,  the  stats 
tension  is  capabk  of  rising  to  a  d^ree  limited  only  by  its 
■hesive  force.    Thu^  if  a  plate  of  ^ms  be  coated  on  both  sides 
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n-itli  tiiifoil,  witltin  an  inch  or  two  of  its  edge  all  round,  md 
une  side  be  placed  in  connexion  with  the  prime  conductor  vS 
the  electHL-al  machine,  we  shall  have  an  exactly  similar  amngc- 
iiient  to  that  of  the  two  plates  of  the  condenser,  with  id 
interposed  stratum  of  air.  Upon  connecting  the  oppostt 
coating  with  the  ground  to  destroy  its  polar  state,  the  putida 
of  the  glass  are  forced  into  a  polarized  or  constrained  coiiditiui 
by  the  electricity  of  the  charging  apparatus ;  which  is  sustained 
till  the  return  of  these  particles  to  their  natural  state  &oro  their 
state  of  tension,  whenever  the  two  electric  forces  are  allowed  to 
neutralize  themselves  by  some  other  channel,  as  l>y  the  interpo- 
sition of  a  good  conducting  body  between  the  coatings.  Tit 
quantity  of  force  which  may  be  thus  accumulated  may,  in  toot 
degree,  be  estimated  by  the  number  of  turns  which  it  niay  be 
necessary  to  give  the  machine  before  the  intensity,  as  meaniRil 
by  the  electrometer,  rises  to  the  same  degree  as  that  which  ii 
almost  instantaneously  communicated  to  the  conductor,  vha 
tlie  charge  is  sustained  alone  by  the  inductive  medium  of  the 
air  to  surrounding  objects,  and  will  he  found  to  be  in  propoiliaD 
to  the  coated  surface  of  the  glass  (84). 


(84)  Upon  the  molecular  hypolhesia  of  induction.  Fig;.  1  bQ 
represent  a  plate  of  glass,  with  ita  luetullic  coatings,  a  b  utd  c  i^  ia  iti 
neutral  slate. 

In  Fig.  2,  we  suppose  the  same  plate,  with  its  metallic  coatin^ali 
in  contact  with  the  chained  conductor  of  an  electrical  machine.  Id 
other  coating  we  also  suppose  to  be  insulat«d;  and,  aa  we  knov,ttc 
plate  cannot  he  charged.   The  coating,  a  &,  however,  being  vitxeom,  i. 


not  only  will  the  pnTticles  of  the  ghts  U  thrown  into  ■  poUr  itaK 
bnt  the  coating,  c  d,  will  also  be  polar,  rv.  b^  indnetion  to  mmni- 
ing  objects;  but  the  charge  cannot  rice  to  any  degree  of  inlMi^ 
bccante  the  vitreons  electricity  oF  the  latter  cannot  be  ntzried  <4  V 
diSiue  ittelf  upon  the  earth,  but  will  react  upon  the  glav.  Bat  tf  la 
nninauhite  this  coating,  then  will  Ftg.  3  lepieMnt  the  Ugh  "  " 
tension  which  the  forces  will  anume  under  the  induotive 
when  a  high  cliarge  of  vitreous  electric!^  upon  ■  i  wiD 
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§  332.  There  is  no  difficulty  in  perceiving  that  the  0])po- 
tte  surfaces  of  the  dielectric  and  conductors  may  be  arranged  in 
ifferent  forms  without  impairing  the  effects;  and  experience 
ju  proved  that  coated  jars  or  bottles  are  the  most  convenient 
>r  extenaire  appamtus  of  this  condensing  kind.  The  honour 
f  the  discovery  of  the  means  of  accumulating  electricity  is 
cnerally  given  to  a  Dutch  philosopher,  of  the  name  of  Mus- 
henbroek,  who  resided  at  Leyden;  and  hence  the  name  of  the 
jBydeji  jar,  by  which  the  arrangement  is  commonly  known. 
ie  instituted  some  experiments  for  the  purpose  of  ascertaining 
rhether  a  greater  charge  might  not  be  given  to  electrified 
mdies,  by  surrounding  them  with  more  perfect  non-conductors 
han  the  air;  and  with  this  view  he  attempted  to  charge  some 
nter  contained  in  a  glass  vessel.  An  iron  nail  passed  through 
I  coric,  and  communicated  with  the  water  in  a  phial,  which  was 
giisped  in  the  hand.  After  holding  the  nail  for  some  time  in 
contact  with  the  prime  conductor  of  the  machine,  he  attempted 
to  remove  it  with  the  other  hand,  and  experienced  a  violent 
nnmssion  in  the  arms,  and  across  the  breast.  This  experiment 
non  became  popular,  and  the  sensation  it  produced  was  called 
the  electric  shock.  The  first  experimenters  gave  ludicrous  and 
exaggerated  accounts  of  its  effects,  which  served  to  excite 
corioiity  to  a  very  high  degree;  and  in  the  very  year  of  its 
discovery  it  was  shown  by  itinerant  exhibiters  in  every  part  of 
Enrope.  The  principles  upon  which  this  accumulation  or 
lower  depended  were  not  of  course  understood;  but  it  is  now 
Jmooa  that  the  water  in  the  phial,  and  the  hand  which  grasped 
^  acted,  although  more  imperfectly,  as  the  two  coatings  of  the 
Imb.  When  t^e  nail  was  touched  with  the  other  hand,  a  good 
Tlhiiitipg  communication  with  the  two  surfaces  was  opened, 
f  BMnii  fif  the  fluids  of  the  body,  through  which  tlie  tension 
Afohritf  of  the  forces  were  destroyed  (85). 
"tba  fmmiiijf  of  electricity  which  may  be  accumulated  in  a 

fml  Amiga  of  reunoni  electricity  upon  d  c,  by  the 
it  of  the  particles  of  the  interposed 


^B)  This  is  the  usual  form  of  the  Leyden 
i:  Ike  interior  coatiiig  reaches  up  to  nearly  the 
■a  kd^U  H  tlL«  exterior,  and  is  in  metallic 
■■nnoatioB  widi  the  biass  ball,  by  moans  of  a 
in  !«■■(  down  to  the  bottom. 
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Leyden  jar  depends  upon  the  extent  of  its  coated  sorfo 
intensity,  upon  the  thinness  of  the  glass. 

§  333.  When  large  quantities  of  electricity  are  r 
for  experiment  it  is  found  more  convenient  in  genera]  to  > 
several  jars  instead  of  one;  and  a  number  of  jars  ai 
together^  with  their  internal  and  external  coatings  resp< 
in  metallic  commimication^  is  called  an  electrical  battery. 
In  practice  it  is  found  impossible  to  diminish  the  di 
of  the  glass  beyond  a  certain  extent;  for  the  constrained  { 
of  its  polarized  particles  becomes  at  length  so  extreme  t 
cohesive  force  itself  gives  way^  and  the  charge  pasm 
violence  through  a  hole^  which  it  pierces  for  itself  in  thi 
est  part  of  the  plate. 

§  334.  A  method  has  already  been  indicated  (§ 
roughly  estimating  the  quantity  of  electricity  in  a  charge^ 
number  of  turns  of  the  electrical  machine.  Its  intensi 
be  approximatively  determined  by  the  amount  of  a] 
repulsion  between  any  two  moveable  bodies  under  its  inf 
or  rather  by  the  amount  of  their  opposite  attractions  1 
rounding  bodies  under  their  inductive  influence.  An 
ment  was  contrived  by  Henley,  for  measuring  this  effec 
the  graduated  arc  of  a  circle  (86). 

■ 
§  335.  But  we  are  indebted  to  Mr.  Snow  Harrii 
accurate  instrument  for  ascertaining  this  important  point,  fi 
upon  the  following  principles. 

From  what  has  preceded,  it  will  be  obvious,  that  if  a  1 
jar  be  insulated  it  will  be  incapable  of  receiving  a  chaige 
considerable  amount.  In  proportion  as  the  vitreous  de 
is  communicated  to  its  interior  coating,  it  is  necessary  t] 
same  quantity  should  be  removed  firom  the  exterior^ 
would  otherwise  counteract  the  resinous  electricity  by 


(86)  The  Qnodnmt  Electrometer  is  here  repn 
It  is  screwed  upon  the  jar,  or  battery,  whose  tiu 
intended  to  indicate;  and  as  it  increases^  tlie  Uf^ 
composed  of  a  straw  terminated  by  a  ptHiJialli 
from  its  centre  of  suspension,  and  measnies  flw  ii 
upon  the  graduated  semicirele. 
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e  charge  is  sustained.  This  may  be  effected  by  connecting 
with  the  ground^  or  with  the  coating  of  another  jar^  which 
ill  thus  also  become  charged^  provided  its  exterior  coating  be 
linsulated.  A  long  series  of  insulated  jars  may  thus  be  charged 
om  each  other^  provided  the  opposing  electricity  of  the  last 
e  withdrawn:  and  we  thus  obtain  a  polar  arrangement  through 
ASS,  of  a  precisely  similar  nature  to  that  which  we  formerly 
litained  through  air,  but  of  a  much  higher  degree  of  inten- 
ity  (87). 

If  a  very  small  jar  be  thus  connected  with  a  large  one,  the 
QUitity  of  electricity  which  is  sufficient  to  carry  the  charge  of 
he  first  up  to  a  high  degree  of  intensity,  when  diffused  over  the 
uiger  surface  of  the  second,  will  scarcely  be  appreciable;  so 
hat  it  will  require  many  cliaiges  of  the  former  to  charge  the 


(87)  Let  6  be  a  Leyden  jar,  stand- 
iig  npon  the  glass  support,  a.  It  will 
Rceire  no  charge  firom  the  prime  con- 
factor,  unless  a  conducting  communica- 
Ikn  he  made  with  its  outside  coating 
nd  the  earth.  If  an  uninsulated  second 
jv  be  placed  at  c,  the  electricity  which 
pMMi  off  &om  the  outside  coating  of  6, 
*ni  diaige  c,  and  for  every  spark  which 
fiiMi  firmn  the  prime  conductor  to  6,  a 
■iailar  one  will  pass  from  6  to  c. 


'A  polar  anangement  of  three  jars  is  here  shown,  in  which  the 
xtmuty,  P,  of  the  prime  conductor  is  positively  electrified.    The 


Fh?(I33«'i<IE 


jrir*l«vljp^ 


dK  p  p  m  oomiected  with  the  interior  coatings  of  the  jars,  a  6  c,  are 
hspdaliva^  and  the  exterior  coatings,  »  »  x,  the  last  of  which  dis- 
'  ta  potttiva  decCrieity  to  the  ground,  are  negative:  or,  it  should 
wd,  that  the  oppodite  sorfiioes  of  the  glass  with  which  they 
'HifyMlirelj  in  oontaeti  an  in  these  opposite  states. 
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latter  to  the  same  degree.  This  is  the  principle  of  Mr.  Harris'i 
unit  jar.  Instead  of  transmitting  the  electricity  evolved  by  the 
machine  immediately  from  its  conductor  to  a  large  jar  or  battm, 
he  communicates  the  charge  from  the  outer  coating  of  a  smiD 
jar,  furnished  with  a  discharging-rod,  by  which  the  distance 
between  its  two  coatings  may  be  regulated  and  measured;  and 
by  the  number  of  explosions^  that  is  to  say,  by  the  number  of 
charges  which  have  passed  from  the  smaller  jar,  the  quantitj 
accumulated  in  the  battery  may  be  very  accurately  estimated. 
By  diminishing  or  increasing  the  distance  between  the  dis- 
charging surfaces,  the  value  of  the  unit  may  be  varied  it 
pleasure  (88). 

§  336.  In  the  usual  construction  of  the  Leyden  jar,  or 
battery,  the  stem  or  wire  by  which  the  charge  is  communicated 
to  the  interior  coating  is  left  attached  to  it;  the  consequence  isi 
that  the  induction  does  not  take  place  solely  through  the  gh» 
to  the  opposite  coating,  but  is  partly  directed  through  the  air 
to  surrounding  conductors;  this  portion  has  commonly  been 
called /ree  charge.  It  is  only,  however,  so  far  free  as  that  it  ii 
not  supported  by  the  particles  of  the  glass  between  the  metaDie 
coatings,  but  by  those  of  the  air  intervening  between  one 
coating  and  surrounding  objects.  Wlien  a  charged  jar  is  inio- 
lated,  this  free  charge  may  be  removed  from  the  interior,  bj 
contact  with  a  conducting  body;  when  a  corresponding  portion 
of  free  charge  of  the  opposite  kind  \iill  make  its  appeanm 
upon  the  outside  coating,  owing  to  the  induction  whidi  wiD 

(88)  The  Unit  Jar  is  here  represented  moota' 
upon  an  insubuing  stand,  /i  A  communicBtion  ii 
made  with  the  prime  conductor  of  the  machinei  and 
the  exterior  coating  by  the  wire,  g&y  and  the  intcner 
coating  is  connected  with  the  interior  ooatiiig  of  Ae 
jar  to  be  charged  by  the  wire,  a  d.  The  valve  of  tti 
unit  of  measure  is  determined  by  the  diatanoe  bctwoM 
the  balls,  c  and  d,  or  the  striking-diatanoe  of  tti 
spark.  The  effect  of  a  spark  from  c  to  d  is  to  mh- 
tralize  the  coatings  of  the  unit  jar,  and  to  distribiten 
corresponding  quantity  of  electricity  over  the  anftfli 
of  the  large  jar.  On  giving  a  aeoond  chaife  to  lb 
unit  jar,  the  large  jar  receives  an  incranait  cfHili 
what  it  received  from  the  firat  cbaige,  and  Ai 
apark  on^  neutralises  the  duige  of  tbe  oil 
before,  &c. 
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3w  be  at  liberty  to  direct  itself  from  that  part  to  surrounding 
Djects.  By  successive  alternate  contacts,  the  whole  of  the 
tiarge  may  ultimately  be  removed,  and  the  glass  return  to  its 
ataral  condition. 

The  exterior  conducting  communication  may  be  so  contrived 
hat  it  may  be  removed  after  the  charge  has  been  communicated, 
ind  then  the  induction  will  be  determined  entirely  through  the 
^ass,  and  the  charge  on  one  side  will  be  sustained  by  an  exactly 
equal  quantity  of  the  contrary  electricity  on  the  other.  All 
interference  of  surrounding  objects  being  thus  cut  off,  the  jar 
win  retain  its  charge  for  an  indefinite  period. 

§  337-  That  the  charge  of  the  Leyden  jar  is  dependent 
oitirely  u{M>n  the  dielectric  glass,  and  not  upon  die  conducting 
eoatings,  is  proved  by  constructing  a  jar  \^dth  moveable  conduc- 
tors. If  such  an  apparatus  be  charged  the  interior  lining  may 
be  lifted  out  by  an  insulating  handle,  and  the  jar  itself  raised 
from  its  exterior  metallic  case,  and  still  the  charge  will  remain. 
Id  this  case  the  superficial  rows  of  particles  on  both  sides  of 
tlie  dielectric  become  charged  by  the  intervention  of  the  metal 
plates,  and  retain  that  charge  after  they  are  removed;  those  on 
one  side  being  in  the  opposite  state  to  those  on  the  otlier,  and 
iie  intermediate  particles  in  a  polar  state.  The  glass  is  exactly 
a  the  same  state  as  the  resin  of  the  electrophorus  after  it  has 
wen  excited  by  friction.  The  only  use  of  the  coatings  is  to 
Ornish  a  ready  means  of  communication  between  the  charged 
•iticlesy  by  which  the  opposite  forces  may  be  neutralized  at 
lie  same  moment  when  the  circuit  is  completed  betiiiTcn  them. 
ITithout  the  coatings  the  jar  may  be  discharged,  as  it  were, 
lieoemeal;  but  upon  replacing  them,  the  discharge  will  take 
ikoe  in  the  usual  instantaneous  way. 

Neither  are  the  coatings  absolutely  necessary  to  the  charge 
i  m  glass  plate.  If  a  clean  dry  glass  jar  be  held  over  an  elec- 
rified  metallic  rod,  the  point  of  which  is  brought  opposite 
Bffeient  parts  of  its  surface,  it  will  become  charged,  and  if 
netallic  coatings  be  then  applied,  it  may  be  discharged  at  once; 
ir  if  it  be  placed  upon  a  metallic  plate,  over  some  pith  balls, 
r  other  light  substances,  they  will  be  attracted  and  repelled 
ndcwuds  and  forwards,  and  effect  the  discharge  of  the  elec- 
ridty,  which  induces  from  the  interior  towards  the  plate.  They 
rffl  then  remain  at  rest;  but  if  the  electricity  which  has  now 
WB  disengaged  npon  the  outside  towards  surrounding  objects 
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1)6  removed  by  a  touch  of  the  hand^  a  fresh  portion  will  be  set 
free  on  the  interior,  and  the  attraction  and  repulsion  of  the 
balls  will  again  take  place;  and  thus  for  many  times  successiTdt 
the  action  will  be  renew^ed,  until  the  glass  returns  to  its  natuni 
state  (89). 

§  338.  From  the  peculiar  view  which  he  had  taken  of 
the  phenomena  of  induction,  Dr.  Faraday  was  led  to  expect 
some  particular  relation  of  the  process  to  the  different  lands  of 
matter  through  which  it  might  be  exerted,  or  something  equirft- 
lent  to  a  specific  electric  induction  for  different  bodies.  Hii 
relation  he  succeeded  in  establishing  by  the  most  decisire 
experiments.  He  examined  carefully  inductive  action  when 
taking  place  through  different  media,  by  means  of  an  apparitus, 
consisting  of  two  metallic  spheres  of  unequal  diameter,  placed 
the  smaller  within  the  larger,  and  concentric  vnXh  it.  The 
interval  between  the  two,  being  the  space  through  which  the 
induction  was  to  take  place,  could  be  filled  with  either  sohds  or 
liquids,  and,  by  pre\nous  exhaustion  by  the  air-pump,  vith 
aeriform  matter,  which  could  be  retained  between  the  surfiaces 
for  any  lengtli  of  time.  The  interior  ball  was  supported  in  its 
])Iace  by  a  stem,  carefully  covered  with  shell-lac,  and  passing 
through  a  collar  fixed  to  the  upper  hemisphere  of  the  exteiiur 
sphere.  The  inductive  apparatus  was,  in  fact,  a  Leyden  phiai, 
with  the  advantage  of  permitting  the  dielectric,  or  insulatiog 
medium,  to  be  changed  at  pleasure.  By  peculiar  and  delicate 
manipulation,  definite  charges  of  electricity  were  communicated 
to  this  Lcydcn  apparatus,  and  the  aptness  or  capacity  of  difo- 
ent  media  for  induction  was  ascertained  by  means  of  a  Cou- 
lomb's electrometer  and  carrier  ball. 

The  question  to  be  resolved  may  be  stated  thus: — Sappoae 
an  electrified  plate  of  metal  (a)  insulated  in  the  air,  and  b  and 
u,  two  exactly  similar  plates  placed  parallel  to^  and  on  each 


(89)  An  electrified  bell  jar  ii  hete  lep^ 
sented,  placed  upon  a  metallic  plate,  aai  the 
pith-balla  iu  their  state  of  alternate 
and  repnlflion. 
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side  of  A  at  equal  distances  and  uninsulated;  a  will  then  induce 
equally  towards  b  and  c.  If  in  this  position  of  the  plates^ 
some  other  dielectric  than  air^  as  shell-lac^  be  introduced 
between  a  and  c,  will  the.  induction  between  them  remain  the 
same?  Will  the  relation  of  c  and  b  to  a  be  unaltered^  notwith- 
standing the  difference  of  the  dielectrics  between  them? 

These  simple  conditions  of  the  experiment  were  afterwards 
combined  by  Dr.  Faraday^  in  an  instrument  which  he  has  called 
a  differential  inductometer;  which  consists  of  three  insulated 
metallic  plates  placed  as  above  suggested;  each  exterior  one  being 
connected  with  an  insulated  gold*leaf  of  an  electrometer.  When 
I  charge  is  communicated  to  the  centre  plate  imder  ordinary 
circnmstances^  the  induction  is  equal  on  both  sides^  and  the  gold 
leaves^  being  similarly  affected^  apparently  repel  each  other; 
but  if  a  thick  plate  of  shell-lac  be  interposed  between  two  of  the 
plates^  unequal  induction  will  take  place  on  the  two  sides^  and 
the  gold  leaves  will  attract  one  another.  The  final  result  which 
Dr.  Faraday  obtained  may  thus  be  stated: — 

Specific  inductive  capacity  of  Air     .  .1 

„  „  Glass .  .         .     1.76 

Shell-lac  .     2 

Sulphur  .         .     2.24 

The  results  obtained  with  spermaceti,  oil  of  turpentine,  and 
naphtha,  were  not  in  opposition  to  the  conclusion  that  their 
inductive  capacities  were  higher  than  that  of  air,  but  their 
eonducting  powers  interfered  with  the  result. 

With  regard  to  aeriform  matter,  one  most  striking  result 
came  out;  namely,  that  all  had  the  same  power  of^  or  capacity 
ior,  sustaining  induction,  and  that  no  variations  in  their  density 
or  elasticity  produced  variation  in  the  electric  tension,  until  the 
laK&ustiQn  was  such  that  discharge  could  take  place  across 
dkem.  Hot  and  cold  air  were  compared  together,  also  damp 
and  dry  airj  but  no  difference  was  found  in  the  results. 

He  fact  of  a  different  specific  inductive  capacity  in  dif- 
ferent dielectrics  has  been  recently  confirmed  by  Mr.  Snow 
Harris.  He  instituted  a  series  of  experiments  for  determining 
wnA  pvecasion  their  comparative  powers  of  insulation,  and  of 
SMliinTng  by  induction  charges  of  electricity.  The  substances 
esamnied  were  cast  into  the  form  of  circular  plates,  and  famished 
oa  belli  tiieir  surfaces  with  circular  coatings  of  tinfoil  of  a  dia- 
eqoel  to  one-half  that  of  the  plate,  and  the  electric  inten- 
meesiued  by  electrometers  of  great  precision.    From 


2(i(i  REISIDUAL  CHARGE. 

results  it  appears  that  the  inductive  capacities  of  the  dielectric 
bodies  tried^  that  of  air  being  expressed  by  unity,  are  propor- 
tional to  the  following  numbers: — 

Sul  (Stances.  Relative  capacitiei 

Air IM 

Rosin  .          .          .          .          .          .          .1.77 

Pitch 1.80 

Bees'  wax  .......     1.86 

Glass  .          .          .          .          .          .1.90 

Brimstone  .          .          .          .          .          .          .1.113 

Shell-lac  .         .          .         .          .          .          .1.95 

These  results  agree  very  closely  with  those  of  tlie  precedii^ 
table. 

§  339.  During  the  experiments  of  Dr.  Faraday  upon  the 
different  inductive  capacities  of  different  bodies,  the  curious  fact 
was  established,  that  an  actual  penetration  of  the  charge  to 
some  distance  within  the  dielectric,  took  place  at  each  of  iti 
two  surfaces,  by  what  is  called  conduction;  so  that  the  electric 
forces  sustaining  the  induction,  as  has  just  been  stated,  are 
not  upon  the   metallic  surfaces  only,  ($337)9  but  upon  and 
within  the  dielectric  also.     Let  a  plate  of  any  dielectric  be 
armed  in  the  usual  way  with  metallic  coatings,  and  a  vitreous 
charge  be  communicated  to  one,  while  the  other  is  uninsulated, 
and  let  the  whole  remain  from  ten  to  fifteen  minutes.     If  then 
the  coatings  be  discharged,  insulated  and  immediately  examined, 
no  electricity  -will  be  found  in  them;  but  in  a  short  time,  upon 
a  second  examination,  they  will  appear  charged  in  the  same 
way,  though  not  to  the  same  degree,  as  they  were  at  first    A 
portion  of  the  vitreous  force,  under  the  coercing  influence  ci  all 
the  forces  concerned,  penetrates  the  dielectric,  and  takes  up  its 
place  a  little  within  its  surface;  a  corresponding  portion  of 
the  resinous  force  also  assuming  a  similar  position  on  the  oppc^ 
site  surface.    The  discharge  destroys  or  neutralizes  all  extennl 
induction,  and  the  coatings  are  therefore  found   unelectrifiBd; 
but  it  also  removes  almost  the  whole  of  the  forces  by  which  ike 
electric  charge  was  driven  into  the  dielectric,  and  it  therrfbn 
rctuma  on  its  course  to  the  surfaces,  and  constitutes  the  re-di«p 
observed. 

Two  plates  of  spermaceti   (a  substance  whose  iiunlBtflC 
powers  are  not  very  perfect)  were  put  together  so  as  to 
one  plate,  and  coated  with  metal  in  the  usual  way.    The 


ELECTRICAL  DISCHARGE.  267 

wta  charged,  then  discharged,  insulated,  examined,  and  found 

0  give  no  indications  of  electricity.  The  plates  were  then 
«parated  from  each  other,  and  one  was  found  in  the  vitreous, 
ind  tiie  other  in  the  resinous  state,  nearly  all  the  electricities 
»eing  in  the  metallic  linings.  Hence,  it  is  clear  that,  of  the 
orces  sought  for,  the  vitreous  was  in  one  half  of  the  compound 
ilate,  and  the  resinous  in  the  other  half;  for,  when  removed 
Kxiily  with  their  plates  from  each  other's  inductive  influence, 
hey  appeared  in  separate  places,  and  resumed  of  necessity  their 
lower  of  acting  by  induction  on  the  electricity  of  surrounding 
lodies.  Had  the  effect  depended  upon  a  peculiar  relation  of 
he  contiguous  particles  of  matter  only,  each  half  plate  should 
lare  shown  vitreous  force  on  one  surface,  and  resinous  on  the 
ither. 

It  is  the  assumption,  for  a  time,  of  this  charged  state  of  the 
1^,  between  the  coatings  of  the  Leyden  jar,  which  gives  origin 
4>  the  phenomenon,  which  is  called  the  rendual  charge.    After 

1  large  battery  has  been  charged  for  some  time,  and  then  dis- 
Juurged,  it  is  found  that  it  will  spontaneously  recover  its  charge 
to  I  very  considerable  extent;  and  this  is  due  to  the  return  of 
the  electricity  in  tlie  manner  just  described. 

§  340.  Opposed  to  the  phenomena  of  the  charge  which 
ve  have  now  examined,  are  those  of  the  discliarge  of  tlie  electric 
broes,  wliich  yet  remain  for  our  closer  investigation, 

Tliere  are  various  modes  by  which  this  may  be  effected:  the 
Achii^e  by  conduction,  by  disruption,  and  by  convection,  come 
before  us  on  the  present  occasion. 

$  341.  1st.  The  discharge  by  conduction  involves  no 
diemical  action,  or  displacement  of  particles. 

Insulation  and  conduction  might  at  first  be  supposed  to  be 
firectly  opposed  properties  of  matter,  but  Dr.  Faraday  has 
ibown  that  they  are  only  extreme  degrees  of  one  common  con- 
dition, and  that  they  are  connected  by  numerous  intermediate 
links.  At  the  two  extremes  stand  the  gases  and  the  metals; 
uid  spermaceti  is  an  example  of  a  substance  through  which 
induction  can  take  place,  and  also  conduction;  but  both  in  a 
reduced  degree* 

A  oertain  condition  of  particles  which,  if  retained,  consti- 
totai  insulation^  if  lowered  by  the  communication  of  forces  from 
one  to  the  other,  constitutes  conduction.    In  the  state  of  pola- 
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rity  or  tension^  the  particles  of  all  bodies  (with  the  exception 
possibly  of  the  gases)  have  a  capability  of  communicating  their 
forces  in  various  times  one  to  the  other^  by  which  they  are 
lowered,  and  discharge  ultimately  ensues.  Shell-lac  is  the  best 
insulator  known  amongst  solids;  that  is  to  say^  it  retains  iti 
state  of  polarity  most  perfectly,  but  it  becomes  lowered  in  time, 
and  is  also  capable  of  having  that  forced  chaise  communicated 
to  it  which  we  have  just  described,  and  which  is  equivalent  to 
conduction.  The  metals  themselves,  although  such  excellent 
conductors  as  to  admit  of  the  passage  of  electricity  through 
them  with  a  velocity  which  baffles  the  powers  of  conception, 
offer  different  degrees  of  resistance  to  its  transfer:  and  sudi 
resistance  is  pro  tanto  insulating  power. 

§  342.  Mr.  Snow  Harris  has  contrived  a  beautiful  appa- 
ratus for  comparing  this  resistance  of  the  metals.  It  consisti 
of  an  air  thermometer,  through  the  bulb  of  which  a  wire  of  the 
metal  to  be  examined  passes.  By  the  passage  of  a  definite 
portion  of  electricity  from  a  Leyden  jar  through  this  wire,  it 
becomes  heated  in  proportion  to  its  resistance^  and  this  heit 
acting  upon  the  air  causes  an  expansion,  which  is  measured  by 
the  liquid  in  the  stem.  The  results  of  some  of  his  experimenti 
are  comprised  in  the  following  table: — 

Table  XXXVIII.    Electrical  Conductum. 


Heat  evolTcd 

1.         Besistii 

Silver 

6 

I 

Copper 

0 

.       1 

Gold 

9      . 

•       1* 
3 

Zinc          .... 

.     18 

Platinam  .... 

.    30 

.      5 

Iron          .... 

.    30 

5 

Tm 

,    36 

6 

Lead          .... 

.    72      . 

.    13 

Brass 

.    18      , 

3 

The  ready  communication  of  forces  between  contigaoaB  p»- 
ticles  constitutes  conduction;  and  the  difficul  tcommaniciitioB, 
insulation.  Conductors  and  insulators  are  bodies  whose  ptf^ 
tides  naturally  possess  the  property  of  communicatiiig  their 
respective  forces  easily^  or  with  difficulty:  the  latter  reqiiiiii« 
the  polar  forces  to  be  raised  to  a  higher  degree  than  the  fonnflr, 
before  this  transference  or  communication  can  take  n]ac6. 
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§  343.  The  resistance  of  the  metals^  or  their  insulating 

power,  may  be  brought  into  direct  comparison  with  air,  and 

even  made  to  exceed  it,  by  a  very  simple  contrivance.     Let  one 

end  of  a  very  long  wire  be  placed  in  connexion  with  the  outside 

coating  of  a  charged  Leyden  jar,  and  let  it  be  doubled  in  such  a 

way  as  to  allow  the  other  extremity  to  be  brought  very  near, 

but  not  to  touch,  the  same  coating  with  it.     Let  a  connexion 

iM)w  be  made  by  a  discharging  rod  between  the  inside  coating 

uid  this  extremity  of  the  wire,  and  if  the  distance  be  properly 

•djusted,  a  portion  of  the  charge  will  pass  in  a  spark  through 

the  interval  of  air  between  the  two  extremities^  rather  tlian 

traverse  the  whole  length  of  the  wire. 

The  middle  part  of  the  wire,  therefore,  acts  as  an  insulating 
medium,  and  the  tension  which  causes  the  spark  at  the  extremi- 
ties must  exist  throughout  its  length. 

§  344.  The  charge,  as  it  passes  through  a  metallic  wire, 
momentary  as  is  its  duration,  acts  by  induction  through  the  air 
towards  surrounding  objects ;  and  if  the  knob  of  a  small  Leyden 
jar  be  presented  to  such  a  conductor,  a  lateral  spark  will  pass  to  it. 
But  the  arrangement  which  exhibits  this  effect  to  the 
greatest  advantage,  is  that  of  a  long  fine  copper  wire,  insulated 
paraUel  to  the  horizon,  and  terminated  at  each  end  by  a  small 
ball.  When  sparks  are  thrown  upon  this  from  a  globe  of  about 
a  foot  in  diameter,  the  wire  at  each  discharge  becomes  beauti- 
fully luminous  from  one  end  to  the  other,  even  if  it  be  a 
hundred  feet  long :  rays  are  given  off  on  all  sides  perpendicular 
to  the  axis  of  the  wire.  When  the  long  wire  is  arranged  in  two 
pandlel,  but  continuous  lines,  by  bending  it,  the  outer  side  only 
of  each  arm  becomes  luminous.  When  formed  into  three 
parallel  lines  by  a  double  bend,  the  middle  portion  of  the  wire 
does  not  become  luminous,  the  outer  sides  only  of  the  outer 
lines  of  wire  exhibit  the  rays.  When  the  wire  is  formed  into  a 
flat  sfnral,  the  outer  spiral  alone  exhibits  the  lateral  discharge ; 
bat  the  light  in  this  case  is  very  brilliant;  the  inner  spirals 
appearing  to  increase  the  effect.  The  inner  surfaces  of  the 
wives,  in  these  latter  cases,  being  all  turned  towards  similarly- 
dedrified  surfaces,  the  lateral  process  of  induction  cannot  of 
eoDse  Idle  place. 

§  S45.  It  may  be  stated  generally,  that  whenever  two  or 
are  open,  by  which  the  electric  discharge  may 
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complete  its  circuity  it  will  divide  itself  between  them  in  inverse 
proportion  to  the  total  resistance  of  each.  If  a  spark  be  taken 
from  the  prime  conductor  of  a  machine  through  a  longinre 
well  connected  with  the  ground^  and  the  end  of  another  shorter 
wire^  also  cormected  with  the  ground^  be  brought  within  a  short 
distance  from  the  firsts  a  minute  spark  will  pass  between  them 
at  the  same  time ;  or  even  if  both  the  ends  of  the  second  wire 
be  brought  within  a  minute  distance  of  the  first  a  very  minute 
spark  will  pass  through  both  intervals  at  the  moment  of  the 
discharge;  proving  the  divergence  of  a  small  portion  of  the 
charge^  notwithstanding  the  high  resistance  of  the  small  inter- 
vals of  non-conducting  air. 

§  346.  The  substance  of  a  wire  may  be  so  reduced,  or 
the  quantity  of  electricity  so  augmented^  that  the  metal  may  be 
fused  by  the  great  heat  evolved  and  scattered  about  n^ith  vio- 
lence ;  and  the  resistance  may  even  be  sufficient  to  stop  t 
portion  of  the  charge.  To  produce  this  effect^  it  matters  not 
whether  tlie  quantity  employed  be  diffused  over  a  large  or  t 
small  surface,  or  what  its  original  intensity  may  be^  the  same 
quantity  will  always  fuse  the  same  length  of  wire.  Thus,  if  we 
measure  a  certain  quantity  of  electricity  into  a  Leyden  jar,  bj 
the  unit  jar,  so  that  the  quadrant  electrometer  may  indicate  t 
high  degree  of  tension,  and  measure  the  same  quantity  into  i 
large  battery,  where  the  electrometer  will  exhibit  a  very  low 
degree  of  repulsion,  the  effects  upon  a  wire  through  whidi 
the  two  charges  may  be  directed  will  be  precisely  equal.  The 
intensity,  in  fact,  in  the  wire,  which  is  insufficient  to  cany  the 
wliole  charge  in  cither  case,  rises  to  the  same  degree. 

§  347.  2nd.  The  disruptive  discharge  takes  place  between 
two  conducting  surfaces,  most  commonly  metals,  by  means  of  a 
dense  bright  spark  in  the  substance  of  the  intervening  dieleetri^ 
when  its  particles  have  reached  a  certain  degree  of  tenaion.  It 
in  every  case  displaces  more  or  less  the  particles,  amongst  aad 
across  which  it  suddenly  breaks.  Every  discharge  in  tlie  fim 
of  sparks,  brushes,  and  glow,  are  included  under  it ;  bat 
of  air  or  liquids,  which  sometimes  accompany  it,  are 
distinct  in  their  nature,  and  will  be  afterwards 
Disruption  is  the  limit  of  the  influence  which  the 
exerts  in  resisting  the  discharge.  It  is  not  neoeaaaryj  pnkttlff 
that  all  the  particles  should  have  attained  this  dsgrae 
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rhen  tliat  particle  which  is  most  affected  has  been  exalted 
le  subverting  or  turning  pointy  all  must  give  way,  for 
re  linked  together  by  the  influence  of  the  constraining 
All  the  particles  in  the  line  of  induction  resist  change, 
re  associated  together  in  their  actions,  so  as  to  give  a  sum 
sisting  force ;  and  the  breaking  down  of  one  must  cause 
hole  barrier  to  give  way,  which  was  at  its  utmost  degree 
istance  before  the  aiding  power  of  that  one  was  lost.  The 
of  the  spark  depends  upon  the  degree  of  tension  acquired 
le  particles  in  the  line  of  the  discharge;  circumstances 
1,  in  every  conmion  case,  are  very  evident,  rendering  it 
r  in  them  than  in  their  neighbours,  and  by  exalting  them 
X)  the  requisite  condition,  causing  them  to  determine  the 
e  of  the  discharge. 

il  the  particles  return  to  the  original  or  normal  state  in  the 
se  order  in  which  they  left  it,  and  exert  their  power  mean- 
I  to  produce  the  discharge  effect  in  the  few  particles  where 
abversion  of  forces  first  takes  place.  These  are  probably 
nerely  pushed  apart,  but  assume  a  peculiar  state  for  the 
,  or  have  thrown  upon  them  all  the  surrounding  forces  in 
»sion,  and  rising  up  to  a  proportionate  condition,  discharge 
iselves  by  some  operation  at  present  unknown,  and  thus 
the  whole.  The  ultimate  effect  is  exactly  as  if  a  metallic 
had  been  put  into  the  place  of  the  discharging  particles ; 
Dr.  Faraday  remarks,  that  not  impossibly  the  principle  of 
m  in  both  cases  may  hereafter  be  proved  to  be  the  same, 
rhe  whole  of  the  electricity  passes  between  the  two  con- 
ing surfaces  in  the  form  of  a  dense  spark,  and  the  discharge 
»mplete. 

§  348.  Though  it  cannot  be  doubted  that  the  principal 
lomena  of  the  disruptive  discharge  depend  upon  the  par- 
s  of  the  dielectric  air,  yet  it  appears  that  some  of  the 
allic  particles  of  the  surfaces  between  which  it  passes  are 
ied  with  it  in  its  course.  M.  Fusinieri  has  remarked,  that 
n  a  spark  takes  place  between  a  surface  of  silver  and  another 
copper,  a  portion  of  silver  is  carried  to  the  copper,  and  of 
per  to  the  silver.  Dr.  Priestley  observed,  that  if  a  metallic 
in  be  laid  upon  a  sheet  of  paper  or  a  plate  of  glass,  and  a 
•ng  discharge  sent  through  it,  spots  will  be  produced  upon  it 
he  size  and  colour  of  each  link,  parts  of  which  will  be  found 
ft  fused  into  the  substance  of  the  glass. 
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§  349.  We  have  already  seen  that  disruptive  diachi 
may  take  place  in  glass^  in  the  case  of  a  thin  Leyden  jar; 
it  may  always  be  produced  at  pleasure,  by  bending  a  win 
that  its  point  may  press  against  the  side  of  a  tube  filled  ^ 
olive  oil,  or  some  other  liquid  dielectric.  When  such  an  ^ 
ratus  is  suspended  from  the  prime  conductor  of  the  elecd 
machine,  a  spark  may  be  drawn  through  the  glass  to  any  ( 
ducting  substance  opposed  to  it,  making  a  minute  perfora 
without  fracturing  the  tube.  By  turning  the  point  round 
raising  it  higher  or  lower,  many  such  holes  may  be  made. 

When  the  charge  is  high,  a  disruptive  dischai^e  will  e 
take  place,  in  the  form  of  a  spark,  between  two  metallic  w 
in  water. 

§  350.  As  the  expansive  force  of  the  discharge  is  mi 
fested  even  in  good  conductors  by  the  fusion  and  dispersioi 
metallic  wires  of  insufiicient  thickness,  so  may  it  be  exhib: 
with  equal  or  greater  violence  in  bad  conductors,  by  a  var; 
of  experiments. 

Place  a  card  or  some  leaves  of  a  book  against  the  oi 
coating  of  a  Leyden  jar;  put  one  extremity  of  a  discharging 
agidnst  the  card,  and  bring  the  other  extremity  to  the  knol 
the  jar;  the  charge  will  pass  through  the  paper  and  perforati 
producing  a  small  bur  or  protrusion  on  the  side  next  the  i 
and  a  larger  bur  on  the  side  which  was  in  contact  with 
coating. 

Drill  two  holes  in  the  ends  of  a  piece  of  wood,  half  an  i 
long,  and  a  quarter  of  an  inch  thick;  insert  two  wires  in 
holes,  so  that  the  ends  within  the  wood  may  be  rather  less  tl 
a  quarter  of  an  inch  distant  from  each  other;  pass  a  atn 
charge  through  the  wires,  and  the  wood  will  be  split  i 
violence.  Loaf-sugar,  stones,  and  many  other  aubatanoei  i 
be  broken  in  the  same  way. 

Insert  two  wires  through  corks  in  the  opposite  ends  < 
glass  tube;  let  the  distance  of  the  ends  of  the  wires  be  ab 
half  an  inch;  fill  the  tube  with  water,  and  pass  a  chaige  divo 
it;  the  tube  will  be  broken,  and  the  water  dispenttd. 

§  351.  The  instantaneity  of  the  spark  dischaige  itprai 
by  the  velocity  with  which  its  light  passes  away;  its  doiil 
not  being  sufficient  to  illuminate  two  soooeaaive  objeet%  « 
same  object  in  two  positionsy  whatever  may  be  die  velod^ 
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their  mutions.  We  have  seen  (§  230)  that  when  a  disc  painted 
rith  the  prisnlatic  colours  is  made  to  rotate  very  rapidly  in 
cummon  light  before  the  eye,  the  distinction  of  colours  is  lost, 
and  an  impression  of  white  light  is  produced.  When  a  white 
disc,  with  a  broad  black  cross  upon  it,  is  made  to  rotate  in  tlie 
same  manner,  the  cross  vanishes,  and  the  disc  appears  of  an 
unifomi  gray  tint.  When  viewed  by  the  flash  of  the  electric 
spark,  the  colours  appear  distinct,  and  the  cross  sharply  defined 
and  perfectly  stationary. 

§  352.  By  a  beautiful  application  of  this  principle,  Pro- 
fesKir  Wheatstone,  (to  whom  the  observation  is  due,)  has 
contrived  an  apparatus  by  which  he  has  demonstrated  that  the 
liglit  of  the  electric  discharge  does  not  last  the  millionth  part  of 
a  second  of  time.  Let  us  imagine  a  small  wheel  of  dull  metal, 
marked  ^i-ith  an  hundred  bright  rays  at  equal  distances  from 
ttch  other,  made  to  revolve  by  clock-work  ten  times  in  a 
Kcond  of  time;  or  to  complete  one  revolution  in  the  tenth  of  a 
lecond.  These  rays  will  be  seen  by  the  reflexion  of  an  electric 
■park,  and  their  appearance  will  be  different  according  to  its 
il&ntion.  If  the  time  be  infinitely  short,  the  reflexion  will 
•Present,  during  the  tenth  of  a  second,  the  appearance  of  one 
mndred  fixed  luminous  rays  of  the  same  apparent  dimensions 
iS  the  engraved  rays.  If  it  last  the  thousandth  part  of  a  second 
he  whole  circle  will  be  full  of  light,  for  the  impression  of  each 
ay  upon  the  retina  of  the  eye  wiU  remain  till  that  of  the  suc- 
eeding  ray  is  produced.  For  a  duration  of  half  a  thousandtli 
fa  second,  a  third,  a  fourth,  a  fifth,  &c.,  of  the  same  interval 
i  time,  oorresponding  illuminated  segments  will  be  seen,  and 
oe-halfy  two-thirds,  diree-fourths,  or  four-fifths  of  the  circle 
rin  appear  completely  deprived  of  light.  By  increasing  the 
lie  of  the  revolving  wheel,  the  scale  of  these  measures  may  be 
nocaaed  at  pleaaiire  to  any  extent;  as  may  also  its  subdivision, 
7  increanng  the  velodty,  or  multiplying  the  number,  of  the 
IJB.  By  altering  the  velocity  of  the  rotation,  the  necessity  of 
Bdgiiig  by  the  eye  of  the  relation  of  the  illuminated  to  the  dark 
ptoea  may  be  obviated,  and  the  whole  may  be  reduced  to  a 
Idemuiuitioii  of  the  velocity  at  which  the  complete  illuminated 
sbdekproduoed. 

1 85S..  Althovigh  variationa  in  the  density  of  the  air 
Iko  dumgea  in  the  inductive  capadty  of  die  Electric, 
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the  distance  at  which  spark  discharge  may  take  place  through 
it^  is  greatly  modified  by  its  condensation  or  rarefaction.  If 
two  brass  balls  be  placed  ^4thin  the  receiver  of  an  air-pump  so 
contrived  that  their  distance  may  be  altered  by  passing  the 
stem  of  the  upper  one  through  a  collar  of  leathers^  and  if  one  of 
them  be  connected  with  the  conductor  of  the  electrical  machine^ 
it  will  be  found  that,  as  the  air  is  exhausted^  the  distance 
through  which  the  spark  will  strike  may  be  greatly  increased, 
and  the  tension  of  the  charge  will  diminish^  as  shown  by  an 
electrometer  upon  the  conductor.  The  intensity  in  feet,  of  i 
charged  surface,  varies  with  the  number  of  the  particles  of  the 
dielectric  over  which  its  influence  is  difiused,  and  these  depend 
upon  the  density  of  the  medium,  the  form  of  the  condacton, 
and  the  distances  at  which  they  are  placed  from  each  other. 
The  rarefaction  produced  by  heat  acts  in  the  same  way  u 
mechanical  rarefaction ;  hence,  flame,  whicli  is  incandescent  air, 
offers  an  easy  passage  to  an  electric  charge;  and  in  all  electrical 
experiments  its  influence  should  be  guarded  against. 

§  354.  Dr.  Faraday  also  found  that,  independent  of  their 
density,  different  kinds  of  aeriform  matter  were  capable  of 
sustaining  different  degrees  of  tension.  He  constructed  n 
apparatus,  in  which  an  electric  discharge  could  be  made  ahmg 
either  of  two  separate  channels;  the  one  passing  through  a 
receiver  filled  with  the  gas  which  was  to  be  the  subject  of  the 
experiment,  and  the  other  having  atmospheric  air  interposed. 
By  varying  the  length  of  the  passage  through  the  latter,  until 
it  was  found  that  the  discharge  occurred  with  equal  facifitj 
through  either  channel,  a  measure  was  afforded  of  the  rdathv 
resistances  in  those  two  lines  of  transit,  and  a  determinatioB 
consequently  obtained  of  the  specific  insulating  power  of  thegM 
employed.  Muriatic-acid  gas,  examined  by  thia  method|hid 
three  times  the  insulating  power  of  hydrogen,  and  nearly  tvioe 
that  of  common  air. 

§  355.  The  velocity  of  electricity  may  be  modified  bf 
the  medium  through  which  it  passes  on  its  courae.  If  aomefiM 
gunpowder  be  placed  in  an  interval  between  two  wiiea^  attit 
disdiarge  be  passed  between  them,  the  powder  will  be  diqwni^ 
like  any  other  light  substance  by  the  expansion  of  the  aii^llk 
not  inflamed;  but  if  a  portion  of  water,  or  a  wrt  >tabv»  ^ 
included  in  the  circuit  the  powder  will  be  oertunl^  ininiiiftf 
In  the  first  case  there  is  not  time  £or  the  heat  to  aMft|  ^90 
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in  the  second  case  the  passage  is  retarded^  and  the  effect  is 

produced. 

$  356.  The  disruptive  discharge  sometimes  changes  its 
Rum  from  the  spark  to  what  is  called  the  brush.     It  generally 
bdns  place  between  a  good  conductor  and  a  bad  conductor. 
Mfhen  a  pointed  rod  projects  from  a  charged  conductor  into  a 
noom,  induction  takes  place  between  it  and  the  walls,  or  other 
■nrnmnding  objects,  through  the  dielectric  air,  and  the  lines  of 
sdnctive  force  accumulate  at  the  end  in  greater  quantity  than 
alKwhere;  that  is  to  say,  the  particles  at  the  end  of  the  rod  are 
■ofe  highly  polarized  there  than  at  any  other  part  of  the  rod. 
Ibe  particles  of  air  situated  in  sections  across  the  lines  of  force 
m  least  polarized   in  sections  towards   the  walls,   and   most 
nkrized  in  those  nearer  the  end  of  the  wire.     Thus  a  particle 
lAthe  end  of  the  wire  may  be  at  a  tension  which  will  terminate 
■  discharge,  whilst  in  those  only  a  few  inches  off,  the  tension 
ibdl  be  far  beneath  that  point.     A  discharge,  therefore,  takes 
aIaoebet\i-een  the  rod  and  the  particle  in  this  exalted  state,  and  the 
vhole  particle  of  the  air  becomes  electrified  similarly  to  the  rod; 
lis,  again,  exerts  a  distinct  inductive  act  towards  remoter  parti- 
des,  and  the  tension  is  so  much  exalted  between  the  two  nearest, 
lit  discharge  takes  place  between  them  also,  and  the  first  par- 
tide  renews  its  charge  as  before  at  the  extremity  of  the  rod. 

§  357*  This  form  of  disruptive  discharge  requires  time 
Bor  its  propagation,  and  is  a  successive  effect;  for  the  particles 
in  the  line  through  which  it  passes  are  in  very  different  states 
fes  to  intensity,  and  the  discharge  at  the  root  of  the  brush  is 
■beady  complete  before  the  particles  at  the  extremity  of  its 
■unifications  have  yet  attained  their  maximimi  intensity. 

If  an  insulated  conductor  connected  with  the  positive  con- 
dnctor  of  an  electrical  machine  have  a  metal  rod  of  0.3  inch  in 
Ameter,  terminated  by  a  roimd  end  projecting  from  it,  it  will 
geaerslly  give  good  brushes;  or  their  formation  may  be  assisted 
y^f  holding  the  hand,  or  any  other  large  conducting  surface, 
apposed  to  it,  thereby  increasing  the  inductive  force.  Or  they 
■My  be  obtained  of  exceedingly  fine  character  and  great  magni- 
*>i,  by  rarefying  the  air  around  the  termination  of  the  rod, 
*«eorless,  by  heat  or  the  air-pump.  The  brush  generally 
^t  short,  conical,  bright  part  or  root,  projecting  directly  from 
*e  baU,  which  breaks   out   suddenly  into  pale  ramifications 
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having  a  quivering  motion^  and  being  accompanied  at  the 
time  with  a  low,  dull,  chattering  sound,  the  evidence  of  i 
mitting  action. 

The  brush  may,  in  fact,  be  stated  to  be  a  spark  to 
diffusion  of  electric  force  to  matter,  not  by  conduction,  bi 
disruptive  discharge;  a  dilute   spark,  which  passing  to 
badly  conducting  matter,  frequently  discharges   but  a  ; 
portion   of  the  power  stored  up   in  the   conductor.    Aj 
charged  air  reacts  upon  the  conductor,  whilst  the  conducti 
loss  of  electricity  sinks  in  its  force,  the  discharge  quickly  c< 
until  by  the  dispersion  of  the  charged  air,  and  the  renewal  c 
excited  conditions  of  the  conductor,  circumstances  have 
up  to  their  first  effective  condition,  again  to  cause  discli 
and  again  to  fall  and  rise.     This  process  is  nearly  instantan 
but,  unlike  the  spark,  has  a  sensible  duration,  as  has 
proved  by  the  beautiful  experiments  of  Professor  Wheatstc 

§  358.  Dr.  Faraday  has  shown,  that  the  brush  has 
cific  characters  in  different  media;  these  are  manifested  by  d 
ences  of  colour,  light,  form,  and  sound.  This  effect  is  in  si 
contrast  with  the  non-variation  caused  by  the  use  of  difi 
substances  as  the  conductors  from  which  the  brushes  origi 
which  had  no  sensible  influence  upon  their  characters.  Nitn 
of  all  the  varieties  of  aeriform  matter,  possesses  the  hij 
power  of  originating  and  effecting  discharge  in  the  fon 
brushes  and  ramifications,  and  as  this  gas  enters  in  the  pn 
tion  of  four-fifths  into  the  constitution  of  our  atmosphere,  i 
probably  an  important  relation  to  electricity,  seriously  affe 
the  character  and  condition  of  the  discharge  when  made  ii 
grand  laboratory  of  Nature. 

§  359.  There  is  a  very  striking  difference  also  in 
appearance  of  the  brush  discharge,  according  as  it  takes  pk 
a  vitreous  or  resinous  surface:  the  effect  varies  exceed 
under  different  circumstances.  If  a  metallic  wire  with  a  m 
termination,  in  free  air,  is  used  to  produce  the  diachaigc^ 
the  brushes  obtained  when  the  wire  ia  charged  reaiiioiid^ 
very  poor  and  small,  by  comparison  with  those  prodnoed' 
the  charge  is  vitreous.  The  former  sometimes  appear 
bright  star,  while  liie  latter  are  pale  and  expanded.  Of 
large  ball  be  charged  vitreoosly^  and  a  fine  uninautatod; 
be  gradually  brought  towards  it,  a  jrtar  appeara  i^oiii  4^^ 
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when  at  a  considerable  distance,  which,  though  it  becomes 
brighter,  does  not  change  its  form  mitil  it  is  close  up  to  the 
ball:  whereas  if  the  ball  be  charged  resinously,  the  point,  at  a 
eoasiderable  distance,  has  a  star  on  it  as  before;  but  when 
broiight  nearer,  a  brush  forms  on  it,  extending  to  the  ball;  and 
vben  still  nearer,  bright  sparks  will  pass.  The  resinous  surface 
tmds  to  retain  its  discharging  character  unchanged;  whilst  the 
ntreous,  under  similar  circumstances,  permits  of  great  varia- 
km(90). 

When  two  equal  small  conducting  surfaces  similarly  placed 
in  air  are  electrified,  one  positively  and  the  other  negatively, 
diat  which  is  negative  can  dischai^  to  the  air  at  a  tension  a 
Itde  lower  than  that  required  for  the  positive  ball;  and  when 
Acharge  does  take  place,  much  more  passes  at  such  time  from 
the  positive  than  from  the  negative  surface. 

§  360.  Very  important  variations  of  the  relative  forms 
sid  conditions  of  the  resinous  and  vitreous  brush,  take  place 
abo  on  varying  the  dielectric  in  which  they  are  produced,  which 
pomt  to  a  specific  relation  of  this  form  of  discharge  to  the 
particalar  air  in  which  it  takes  place;  proving  that  direct 
idition  of  the  electric  forces  to  the  molecules  of  the  matter 
mKxmed,  which  Dr.  Faraday  has  established  in  so  many  other 
itttuices.  The  effects  are  due  altogether  to  the  different  modes 
ID  which  the  particles  of  the  interposed  dielectric  become 
polarised. 

§  361.  Sometimes  a  rod  which  has  been  rendered  vitre- 
ous, and  given  off  fine  brushes  from  the  extremity,  will  have  its 
cad  covered  with  a  quiet  phosphorescent  continuous  glow, 
extending  a  very  small  distance  from  the  metal  into  the  air. 
Dunmution  of  the  charging  surface  wUl  commonly  produce  this 
tfect  With  a  rod  of  0.2  inch  in  diameter  it  is  readily  mani- 
fcrted.  With  still  smaller  rods,  and  with  blunt  conical  points, 
It  occurs  still  more  readily,  and  with  a  fine  point  ^i 

ft  free  air  no  brush  occurs,  but  only  this  glow. 
^  vitreous  glow  and  the  vitreous  star  are  in 
to  the  same. 


(90)  Some  notion  may  be  formed  of  the  differ- 
^^»  between  the  brush  and  the  star  appearance,  from 
^  annexed  representation  of  the  disruptive  dia- 
eittige  from  points.  11  \ 
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Rarefaction  of  the  air  greatly  favours  the  glow  phenomena. 
Brass  balls  of  two  inches  diameter  will  become  covered  with 
glow  over  an  area  of  two  inches  diameter,  when  the  pressure  of 
the  air  is  reduced  to  about  4.4  inches  of  mercury;  and  by  ahttle 
adjustment  the  baU  may  be  covered  all  over  with  this  light 

The  glow  is  always  accompanied  by  a  wind,  proceeding 
either  directly  out  from  the  glowing  part,  or  directly  towards 
it:  the  former  being  the  most  general  case;  and  if  matters  be 
so  arranged  that  the  regular  and  ready  access  of  air  to  a  part 
exhibiting  the  glow  be  interfered  with  or  prevented,  the  glow 
disappears. 

Brush  discharge  does  not  essentiaUy  require  any  current  of 
the  medium  in  which  it  appears:  it  almost  always  occurs,  but  is 
a  consequence  of  the  phenomenon.  On  holding  a  blunt  pomt 
vitreously  charged  towards  uninsulated  water,  a  star  or  quiet 
glow  will  appear  upon  it,  and  the  surface  of  the  water  will  be 
depressed  by  the  current  of  air  which  passes  from  it:  baton 
approaching  the  point  nearer,  sonorous  brushes  wiU  succeed, 
the  current  of  air  will  instantly  cease,  and  the  sur&oe  of  die 
water  become  level. 

§  362.  All  the  effects  tend  to  show  that  glow  is  due  to  t 
continuous  charge  or  discharge  of  air;  in  the  former  case  being 
accompanied  by  a  current  from,  and  in  the  latter  by  one  to  tk 
place  of  glow.  As  the  surroimding  air  comes  up  to  the  chsoj^ 
conductor,  on  attaining  that  spot  at  whicb  the  tension  of  Ae 
particles  is  raised  to  a  sufficient  degree,  it  becomes  chugedi 
and  then  moves  off  by  the  joint  action  of  the  forces  to  whidi  it 
is  subject;  and  at  the  same  time  that  it  makes  way  for  odiff 
particles  to  come  and  be  charged  in  their  turn,  actually  helps  to 
form  that  current  by  which  they  are  brought  into  the  neoentfj 
position.  Thus,  through  the  regularity  of  the  fbrcesi,  ooitttnt 
and  quiet  results  are  produced,  namely,  the  chaif[ing  of  saeea- 
sive  portions  of  air,  the  production  of  a  current  and  of  a  cod* 
tinuous  glow. 

A  brush  may  often  be  converted  into  a  glow^  flamplf  bj 
aiding  the  formation  of  a  current  at  its  extremity;  and  on  do 
other  hand  the  glow  may  be  converted  into  abmah  by  ahdHiiH 
the  point  firom  the  approach  of  air. 

A  continuous  disdiarge  of  electricity  to  the  air  pv«i  th 
slow;  an  interrupted  one  prodooea  the  lirashj  and  in  • 
exalted  condition  the  spark. 
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§  363.  We  are  thus  brought  to  the  consideration  of  the 
harffe  by  convection,  or  carrying  discharge.  It  often^  as  we 
t  just  seen  in  cases  of  brush  and  glow,  joins  its  effect  to 
iptive  discharge  to  effect  the  neutralization  of  the  electric 


rhe  particles  which,  being  charged,  travel,  may  be  either  of 
lating  or  conducting  matter,  large  or  small.  We  shall  best 
erstand  the  different  steps  of  the  process  by  considering  a 
ide  of  conducting  matter. 

Dr.  Faraday  illustrated  it  by  insulating  and  electrifying  a 
e  copper  vessel,  (a  boiler  of  three  feet  diameter,)  to  the 
ree  that  dissipation  by  brushes  or  disruptive  discharge  did 
sensibly  take  place  at  its  edges.  A  brass  ball,  two  inches 
liameter,  suspended  by  a  silk  thread,  was  brought  towards 
ind  it  was  found  that  if  the  ball  were  held  for  a  second  or 
f  near  any  part  of  it,  at  a  suflBcient  distance  (almost  two 
les,)  not  to  receive  any  direct  charge  from  it,  it  became  itself 
rged,  although  insulated  the  whole  time;  and  its  electricity 
contrary  to  that  of  the  boiler.  The  effect  was  strongest 
osite  the  edges,  or  other  projecting  parts,  where  it  is  well 
wn  that  the  original  charge  is  the  strongest. 
This  effect  originates  obviously  in  induction,  and  not  in 
imunication.  The  ball,  when  related  to  the  vitreously- 
rged  surface  by  the  intervening  dielectric,  has  its  opposite 
s  brought  into  contrary  states;  the  side  next  to  the  boiler 
)g  resinous,  and  the  outer  vitreous.  More  inductive  action 
lirected  towards  it  than  would  have  passed  across  the  same 
De  if  the  ball  had  not  been  there,  for  several  reasons:  amongst 
ers,  because  it  being  a  conductor  the  resistance  of  tike 
tides  of  the  dielectric,  which  otherwise  would  have  been 
re,  is  removed;  and  also  because  the  reacting  vitreous  surface 
the  ball  being  projected  further  out  from  the  boiler  than 
en  there  is  no  introduction  of  conducting  matter,  is  more  free 
let  towards  surrounding  conductors,  through  the  rest  of  the 
lectric,  and  so  favours  the  exaltation  of  that  inductive  polarity 
ich  is  directed  in  its  course.  It  is  the  same  as  if  the  surface 
the  boiler  itself  were  protuberant  in  that  direction.  Thus  it 
[Hires  a  state  similar  to,  but  higher  than,  that  of  the  originally 
aged  surface  which  causes  it:  and  sufficiently  exalted  to 
diarge  at  its  vitreous  surface  to  the  air,  or  to  affect  small 
tides  as  it  is  itself  affected;  and  they  flying  to  it,  take  a 
jge  and  pass  off;  and  so  the  ball  as  a  whole  is  brought  into 
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the  contrary  charged  state.  The  consequence  is  that,  if 
move,  its  tendency  to  approach  the  boiler  is  increased, 
it  at  the  same  time  becomes  more  and  more  exaltec 
condition,  both  of  polarity  and  charge;  until  at  a 
distance  discharge  takes  place;  it  acquires  the  same  i 
the  boiler;  is  repelled,  and  passing  to  a  conductor  fav 
circumstanced  to  discharge  it,  there  resumes  its  first 
condition. 

In  the  case  of  elongated,  or  irregularly-shaped  com 
such  as  floating  filaments  or  particles  of  dust,  this  efFec 
more  ready,  and  the  consequent  attraction  very  immedis 

§  3G4.  On  using  a  liquid  dielectric,  as  oil  of  tuT] 
the  action  and  course  of  small  carrying  particles  is  very  i 

Tlie  analogy  ])etween  the  action  of  solid  conducting,  < 
particles,  and  that  of  the  charged  particles  of  an  insulati 
substance,  is  very  evident  and  simple;  and  in  the  latt 
currents  are  necessarily  occasioned  in  the  dielectric.  I 
are  brought  by  inductive  action  into  a  polar  state;  8 
state,  after  rising  to  a  certain  tension,  is  followed  by  tl 
munication  of  a  part  of  the  force  originally  on  the  coi 
the  particles  consequently  become  charged,  and  then 
the  joint  influence  of  the  repellent  and  attractive  for 
urged  towards  a  discharging  place,  or  to  that  spot  whe 
inductric  forces  are  most  easily  compensated^  by  the  ( 
inducteous  forces. 

Tlie  course  of  these  convective  currents  may  be 
fully  illustrated  by  using  oil  of  turpentine  as  the  di> 
provided  it  be  placed  in  a  wide  vessel,  sufficiently  capa 
include  all  the  lines  of  inductive  force.  The  attracti< 
great  that  if  a  smaU  ball  at  the  end  of  a  metallic  stem 
in  the  hand,  and  immersed  below  the  sur&ce  of  the  lit 
the  inducteous  state,  a  considerable  column  may  be  n 
in  which  the  phenomena  of  the  ascending  and  da 
particles  will  be  very  apparent. 

If  a  piece  of  sealing  wax  be  fastened  to  a  wire,  and 
inserted  into  the  conductor  of  the  electrical  wii^liiiii 
softening  the  wax  by  heat,  and  turning  the  machinei,  ▼ 
threads  wiU  be  separated,  and  if  received  on  a  sheet  c 
will  cover  it  with  minute  fibres,  like  fine  red  wooL 
again,  are  evidence  of  the  force  with  whidi  oonw 
carried  on. 
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§  365.  The  force  of  the  convective  discti&rge  will  be 
■IwRys  greatest  from  a  point,  for  reasons  which  must  be  very 
obvious  from  the  prindples  of  action  which  have  been  explained. 
The  lines  of  inductive  force  are  concentrated  upon  the  extre- 
mit)-  of  the  point,  and  it  is  there  consequently  that  the  inten- 
nty  necessary  to  charge  the  air  is  first  acquired;  it  is  from 
thence  that  the  charged  particle  recedes,  and  the  mechanical 
force  which  it  impresses  on  the  air  to  form  a  current  is  in  every 
way  favoured  by  the  shape  and  position  of  the  rod  of  which  tlie 
pwnt  forms  the  termination.  At  the  same  time  the  point, 
^taring  become  the  seat  of  an  active  mechanical  force,  does,  by 
the  act  of  discharge  which  causes  it,  prevent  any  other  part  of 
the  rod  from  acquiring  the  same  necessary  condition,  and  so 
s  its  own  predom' 


§  366.  Light  models  fitted  up  with  vanes,  like  tlie  floats 
of  s  water-wheel,  may  be  put  in  motion  by  the  current  of  air 
irodiiced  by  the  action  of  an  electrified  point ;  and  if  a  lighted 
bptr  be  presented  to  such  a  current,  its  flame  will  sometimes  be 
Wown  out  (91). 

If  a  point  be  inclosed  in  a  glass  tube  so  that  it  may  be 
phced  at  any  distance  from  one  of  the  open  ends  of  the  tube, 
iti  iofluence  as  a  point  will  be  destroyed,  and  it  vnll  transmit 
electricity  by  sparks  as  a  ball.  The  access  of  fresh  uncharged 
Br  b  thus  stopped,   and   the   process  of  convection   cannot 


{  367-  The  light  which  accompanies  the  disruptive  dis- 
Augt  of  the  electrical  forces  is  accompanied  by  heat,  and  is 


(01)  This  6gnre  repretenta  a  light  crosa  of 
vin,  taming  upon  a  point,  placed  upon  the  prime 
OBdnetor.  The  air  is  forcibly  driven  from  the 
ytutM,  and  by  its  reaction  impels  the  vaiie  in  the 
maitr  direction. 


^^^n  6amii  of  a  taper  U  here  re- 
^^■Hed  under  the  influence  of  the 
ft.  fusing  off*  from  a  point,  upon 
"cbugrd  electrified  conductor. 
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capable  of  igniting  inflammable  substances,  such  as  ether,  tour, 
&c. ;  but  its  duration  is  so  momentary,  that  sometimes  it  fuls  to 
produce  this  effect.  The  light  and  heat  which  thus  accompany 
the  discharge  of  the  electric  forces,  in  their  exalted  state,  amongst 
the  polarized  particles  of  a  dielectric,  are  probably  perfectly 
analogous  to  the  ignition  and  heat  which  are  produced  by  the 
transfer  of  the  same  forces,  in  a  much  lower  degree  of  tenaon, 
amongst  the  particles  of  a  good  conductor,  whose  substance  is 
insufEcient  to  effect  their  complete  neutralization. 

§  368.  The  relations  of  the  surfaces  and  distance  of  two 
conductors,  under  the  influence  of  the  electric  forces  exerted 
through  the  intervention  of  dielectric  air,  have  been  acctmtdy 
measured,  calculated  and  determined  by  Coulomb  and  Snow 
Harris. 

Let  us  imagine  a  small  metallic  sphere,  placed  in  the  centre 
of  another  large  metallic  sphere  filled  with  air  (fiig.  7^);  &  chup 
of  electricity  may  be  communicated  to  tiie  former,  which  will  be 
sustained  by  induction  to  the  surface  of  the  latter,  and  ercfy 
molecule  of  the  air  will  be  related  to  every  other  molecule  in  aU 
directions,  by  the  tension  and  reaction  of  those  which  are  con- 
tiguous.  The  quantities  of  the  opposite  forces  upon  the  indnctiie 
and  the  inducteous  bodies  must  be  exactly  equal;  but  their 
intensities  will  be  very  different.    The  lines  of  inductive  force 
which  will  be  spread  over  the  whole  surface  of  the  latter  will  be 
concentrated  upon  the  former.    An  electrified  ball  placed  in  flie 
centre  of  a  large  room,  and  equally  removed  from  all  surroun^ng 
objects  and  irregularly-formed  conductors,  does  not  differ  appre- 
ciably from  such  a  hypothetical  arrangement,  and  Dr.  Faraday  hsi 
experimentally  traced  the  induction  under  such  circumstanoei  to 
a  distance  of  twenty-six  feet.     Under  these  simple  conditioBi^ 
supposing  the  central  ball  to  be  indefinitely  small,  the  lines  of 
inductive  force  will  radiate  from  the  centre,  and  the  reralAc 
attraction  will  follow  the  law  of  radiant  forces,  and  decreuB  m 
direct  proportion  to  the  squares  of  the  distances. 

The  result  may  otherwise  be  stated  thus : — ^the  sum  of  fbmi 
in  spheres  of  different  diameters^  surrounding  an  active  oesMb 
must  be  always  equal;  and  the  amount  in  any  two  nadtf 
sections  equal.  The  law  is  the  same  as  that  <rf  light^  ypA  fc 
a  necessary  consequence  of  the  theory  of  induction  in  tibiv.4ii 
simplest  case  of  the  action  of  contiguous  particles. 

The  experimental  investigation^  and  mathematicd 
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f  the  laws  of  electrical  attraction  and  repulsion^  have  been 
itherto  limited  to  cases  which  maybe  resolved  into  this  radiant 
ction,  and  have  not  as  yet  been  applied  to  cases  of  induction  in 
nrved  lines. 


§  369.  The  torsion  electrometer^  by  means  of  which 
[Coulomb  carried  on  his  investigations^  has  been  already  de- 
Karibed;  Mr.  Harris  adapted  the  simple  balance  in  the  most 
ingenious  and  effectual  manner  to  the  same  purpose  (92).  In 
the  first  instrument  the  force  of  elasticity  is  opposed  to^  and 
made  the  measure  of^  electrical  attraction ;  in  the  second,  the 
broe  of  gravitation  is  applied  to  the  same  purpose,  and  the 
deetrical  attraction  actually  weighed. 

If  a  certain  quantity  of  electricity  be  measured  into  a  large 
Leyden  jar,  by  means  of  the  unit  jar,  and  two  planes  connected 
lith  the  two  coatings  be  found  to  attract  each  otlier  with  a 
force  of  4.5  grains,  with  double  the  quantity  18  grains  would  be 
itquired  to  counterbalance  the  force,  and  with  treble  the  quantity 
10.5  grains. 

When  a  second  and  equal  jar  is  connected  with  the  first, 
nmilar  quantities  only  exhibit  -i^th  of  the  preceding  forces, 
rttpectively;  and  when  the  same  quantities  are  diffused  over 
Auee  such  jars,  the  respective  amounts  are  only  -{^th. 

§  370.  Hence,  when  the  quantity  is  constant,  the  attrac- 
tive force  is  as  the  squares  of  the  surfaces  inversely ;  and  when 
the  sor&ce  is  constant,  as  the  squares  of  the  quantities  directly. 


(92)  This  figure  represents  Harris's  electrical  balance.  A  glass 
piOar  is  fixed  in  the  stand  a,  to  which  the  beam  of  a  delicate  balance,  bb, 
•  nupended  at  the  point,  d.  A  scale  pan,  </, 
■  impended  from  one  arm,  and  just  rests  upon 
k  fnpport,  E,  likewise  insulated  and  fixed 
■pon  die  stand,  a.  From  the  other  arm  is 
nipeDded  a  light  gilt  cone,  a,  the  base  of 
Riach  b  opposed  to  the  base  of  another  in- 
''Bited  cone,  by  which  may  be  fixed  at  any 
iiitaiiee  from  it  by  sliding  upon  the  insulated 
piQar,  d.  The  metallic  balance  may  be  con- 
>ected  with  the  interior  of  a  Leyden  jar,  or 
iitteiy,  and  the  cone^  6,  with  the  exterior,  and 
b  attiactiTe  power  of  any  charge  at  any 
ttiaUe  distance  between  the  cones,  may  be 
itimated  by  weights  placed  in  the  scale  pan. 
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Again^  it  is  found  that  the  respective  quantities  requisite  to 
produce  a  discharge  between  two  balls^  vary  directly  as  the 
distances ;  so  tliat,  while  the  distances  of  discharge  increase  in 
the  simple  ratio  of  the  quantit}^,  the  attractive  forces  increase  as 
its  square. 

§  371-  Mr.  Harris  also  founds  that  the  attractive  forreis 
not  influenced  by  the  form  of  the  unopposed  portions  of  the 
acting  conductors,  and  that  it  was  the  same,  whether  simpk 
circular  planes  were  opposed  to  one  another,  or  cones  by  tlieir 
similar  plane  bases.  Two  hemispheres  also  attracted  one 
another,  with  the  same  force  as  spheres  of  the  same  diameter. 

^rhe  attractive  force  between  two  unequal  circular  areas  is  no 
greater  than  that  between  two  similar  areas,  each  equal  to  the 
lesser ;  and  the  attractive  force  of  a  mere  ring  and  a  circuhr 
area,  is  no  greater  than  that  between  two  rings  of  the  same 
diameter. 

§  372.  The  general  result  may  thus  be  stated :— the  force 
of  attraction  is  as  the  number  of  points  in  immediate  opposition 
directly,  and  as  the  square  of  their  respective  distances  inversely; 
hence  the  attractive  force  between  two  parallel  plane  cirdei 
being  found,  the  force  between  any  other  two  similar  planes  iriO 
be  given. 

The  respective  quantities  requisite  to  a  discharge  through  1 
given  interval  of  air,  vary  in  the  simple  ratio  of  the  density  of 
the  air :  when  the  density  is  one-half,  the  discharge  occurs  with 
one-half  the  quantity  accumulated,  or,  which  is  the  same  thingi 
with  one-fourth  the  intensity.  Again,  when  the  intensity  ii 
constant,  the  discharge  occurs  in  air  of  one-half  the  density  ift 
double  the  distance. 

The  influence  of  heat  is  not  in  any  way  opposed  to  the 
restraining  power  of  air,  provided  its  density  is  not  allowed  to 
vary ;  but  rarefeu^on  by  heat  produces  exactly  the  same  cfibcfc 
as  mechanical  rare&ction. 

§  373.  These  results  are  in  perfect  aocordanoe  widi  dM 
molecular  theory  of  induction :  for^  in  the  case  of  an  atmiMphat 
rarefied  to  one-half^  only  one-half  of  the  dielectric  putkfa 
remain^  and  tihese  are  brought  up  to  the  dischaiging  intBDMl^ 
with  one-half  the  quantity  of  electridty.  And  with  icgud  k 
from  an  inductive  centre,  the  number  .of 
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hich  become  polarized  within  any  concentric  sphere^  or  any 
ction  of  such  sphere^  must  increase  as  the  square  of  the 
ameter^  and  the  force  will  be  lowered  in  the  same  degree. 

§  374.  We  have  hitherto  directed  our  attention  solely  to 
le  method  of  exciting  the  electrical  forces ;  namely^  the  friction 
;  dissimilar  substances^  by  which  their  particles  are  rapidly 
nought  into  close  contact  and  as  rapidly  separated.  By  this 
peration,  we  have  found  particularly  that  the  rubbed  surface  of 
dielectric  becomes  inductric ;  its  charge  being  sustained  both 
irough  its  own  substance^  and  through  the  air  to  surrounding 
)nductor8.  But  there  are  many  other  methods  by  which  this 
Etraordinary  agent  may  be  developed ;  and  indeed^  tlie  forcible 
isturbance  of  the  established  equilibrium  of  the  particles  of 
odies  in  any  way  seems  sufficient  to  call  it  forth  in  various 
^rees.  Thus^  the  forcible  disruption  of  cohesion ;  mere  pres- 
ore  upon  certain  crystallized  substances ;  the  heating  of  others; 
hanges  of  physical  state ;  crystallization  and  evaporation^  are  all 
apable  of  producing  electrical  excitement. 

§  375.  If  we  break  a  roll  of  sulphur  we  shall  find  a 
harge  of  electricity  upon  its  two  fresh  surfaces^  and  if  we  pound 
t  in  a  dry  mortar  and  pour  the  fragments  upon  the  plate  of  an 
Icctrometer,  the  leaves  will  diverge  very  forcibly;  and  if  we 
enew  the  contact  with  fresh  surfaces  upon  a  fresh  plate^  we 
ball  find  that  it  is  not  easy  to  deprive  it  of  the  whole  quantity 
rhich  it  has  thus  acquired. 

If  we  take  a  rhombohedron  of  Iceland  spar,  and^  holding  it 
ij  two  opposite  edges^  press  upon  two  of  its  opposite  faces^  it 
irill  maniJFest  a  decided  power  of  attraction  upon  light  substances. 

§  376.  Crystals  of  tourmaline^  again,  whose  optical  pro- 
perties have  been  described  (§  247)^  exhibit  a  very  remarkable 
rtate  of  electrical  excitement  when  gently  heated.  The  tour- 
naline  is  a  hard  crystallized  mineral,  which  occurs  in  granite 
nd  other  primitive  rocks,  in  the  form  of  three,  six,  or  nine- 
ided  prisms,  terminated  by  three  or  six-sided  pyramids.  It 
18  discovered  by  the  Dutch  in  Ceylon,  who  called  it  Aschen 
ikker,  from  its  property  of  attracting  ashes  when  thrown  into 
ic  fire.  It  appears  however  to  have  been  known  to  Theo- 
irastus.  When  the  stone  is  of  considerable  size  and  warmed, 
uihes  of  light  may  be  seen  to  dart  across  its  surface  when  laid 
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upon  a  hot  iron.  If  a  crystal  of  this  mineral  be  mounted  upon 
a  pivot,  or  otherwise  suspended  with  freedom  of  motion,  its 
excitement  will  be  found  to  be  polar,  and  one  end  will  be 
attracted  by  excited  glass  and  the  other  repelled.  The  polar 
arrangement  of  its  particles  exists  throughout  its  substance;  for, 
when  broken  in  two,  each  half  will  prove  to  be  likewise  polar. 
It  is  during  the  rise  of  its  temperature  that  these  phenomena 
take  place :  during  the  process  of  cooling  they  also  occur,  but 
with  the  opposite  direction  of  the  forces. 

The  poles  of  the  mineral  have  reference  to  the  axis  of  sym- 
metry (§  124),  and  those  crystals  are  alone  electrical,  the  oppo- 
site extremities  of  whose  axes  differ  with  regard  to  the  number, 
disposition,  and  figure  of  their  facets. 

§  377-  Boracite  is  another  mineral  which  possesses  the 
property  of  becoming  electric  by  heat  in  a  high  degree.  It 
crystallizes  in  the  form  of  a  cube ;  but  the  edges  and  angles  are 
generally  replaced  by  secondary  planes,  and  four  of  the  angles 
are  always  observed  to  present  a  greater  number  of  &cets  tihan 
the  other  four :  the  most  complex  angles  are  rendered  vitreous^ 
and  the  simplest  resinous,  by  heat,  and  these  are  alwap  found 
at  the  opposite  extremities  of  the  axis  of  synunetry. 

§  378.  If  melted  sulphur  be  poured  into  a  glass  vessel, 
it  becomes  electrical  in  the  process  of  crystallization ;  and  if  it 
be  removed  from  the  glass  and  examined  after  solidification,  it 
will  be  found  in  the  resinous  state,  and  the  glass  in  the  cone- 
sponding  vitreous  state.  Water,  also,  in  the  act  of  freeong 
becomes  electrical. 

The  evaporation  of  water  likewise  excites  electricity,  and  if 
a  heated  platinum  vessel  be  placed  upon  the  cap  of  a  gold4Mf 
electrometer,  and  water  dropped  into  it,  as  the  steam  flies  off 
the  leaves  will  expand  with  resinous  electricity.  The  efliMt  ii 
rendered  very  decided  with  the  assistance  of  the  condenser. 
From  some  late  experiments  M.  Pouillet  considers  it  piobsUe 
that  the  evaporation  of  perfectly  pure  water  is  not  accompanied 
by  any  development  of  the  electrical  forces^  but  that  a  very 
minute  portion  of  saline  matter  in  solution  is  sufficient  to  dslv* 
mine  the  effect.  This,if  confirmed^  would  not  detract  fitOB  Ai 
probability  of  evaporation  being  the  principal  sooroe  of  iKbtt^ 
spherical  electricity;  for  all  the  water  upon  the  f^e  ot'#i 
globe  is  impregnated  more  or  less  with  different  sella.   Hi 
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treous  electricity  which  corresponds  to  the  resinous  charge^ 
hich  in  the  experiment  is  left  upon  the  electrometer^  is  carried 
to  the  air,  and  probably  communicates  a  charge  to  the  minute 
lops  into  which  it  is  again  condensed^  and  which  float  in  the 
mosphere. 

Some  very  interesting  facts  have  lately  been  added  to  our 
Dck  of  knowledge  upon  these  points^  which  originated  in 
ddental  observation,  but  have  led  to  active  experiment  now 

progress,  which  promises  greatly  to  elucidate  this  obscure 
irt  of  our  subject.  In  a  colliery  near  Newcastle,  it  happened 
it  the  boiler  of  a  steam-engine  was  out  of  order,  and  steam  of 
KmtSSlb.  pressure  was  escaping  from  a  leak.  The  engine-man 
uiding  in  the  steam,  and  endeavouring  to  repair  it,  happened 
touch  the  boiler,  and  drew  from  it  a  spark  of  about  half  an 
ch,  or  one  inch,  in  length.  He  was  greatly  alarmed,  and 
ported  to  the  engineer  that  the  boiler  was  in  danger  of 
:pk)ding,  as  from  there  being  fire  on  the  outside  he  could  not 
Q  what  might  not  be  going  on  in  the  inside.  The  phenomenon 
Bs  investigated;  jars  were  charged,  and  sparks  were  drawn 
om  persons  placed  upon  insulating  stools,  &c.  The  boilers  of 
comotive  engines  have  been  insulated  upon  barrels  of  rosin, 
id  have  been  found  to  be  in  the  negative  state  while  the  steam 
Bs  positive.  But  in  this  respect  changes  and  alternations  have 
sen  observed  which  have  not  yet  been  explained,  and  it  is  at 
rnent  doubtful  whether  the  disturbance  of  electric  equilibrium 
mlts  from  the  change  of  physical  state  which  the  water 
ndergoes  or  from  the  friction  of  the  effluent  steam. 

§  379.  At  a  very  early  period  of  electrical  science  the 
lentity  of  the  electric  spark  and  lightning  was  suspected;  for 
^.Wall,  in  1640,  in  contemplating  the  light  and  crackling  noise 
loduced  by  the  friction  of  a  large  piece  of  amber,  was  led  to 
emark  that  this  crackling  and  light  may  be  supposed  in  some 
egree  to  represent  thunder  and  lightning.  But  it  was  Franklin 
lu),  in  1747»  established  the  close  analogy  of  the  two  agents, 
7  strict  inductive  reasoning,  and  experimentally  verified  his 
^ndusions  by  imitating,  on  a  small  scale,  the  awful  phenomena 
•  nature.  He  had  also  devised  the  crucial  experiment,  of 
%wing  electricity  from  the  clouds,  by  means  of  an  insulated 
minted  rod  of  metal,  for  the  erection  of  which  he  only  waited 
e  completion  of  a  church  steeple  in  Philadelphia.  But  M. 
ilibard,  in  France,  preceded  him  by  about  a  month  in  obtain- 
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ing  the  actual  result,  bjr  repeatedly  chai^iig  a  Leyden 
means  of  a  similar  apparatus  during  the  passage  of  a 
cloud.  Without  any  knowledge  of  this  experiment  it  c 
to  Franklin,  whilst  occupied  with  the  subject,  that  by  n 
a  common  schoul-buy^s  kite  he  might  obtain  ready  ai 
the  region  of  the  clouds.  He  watched  the  opportunil 
approaching  storm  and  went  into  the  fields,  and,  with  th 
ance  of  his  son,  raised  the  kite  into  the  air.  He  confin 
two  or  three  feet  of  silken  ribbon,  but  a  consideral 
elapsed  without  any  result.  One  very  promising  cloud 
over  his  head  without  producing  any  effect  upon  his 
apparatus,  when,  being  about  to  give  up  the  attempt  in 
be  obsen'ed,  after  a  sharp  shower,  some  loose  threadi 
string  to  repel  one  another;  on  this  he  fastened  a  ke; 
string,  and  was  gratiAed  by  drawing  an  electric  spark 
He  afterwards  raised  an  insulated  metallic  rod  from  thi 
bis  house,  so  arranged  as  to  communicate  with  two  I 
means  of  a  pendulum  which,  striking  agunst  them  as  th 
alternately  attracted  and  repelled,  warned  him  of  the  pat 
an  electric  cloud  (93). 

The  experiment  with  the  kite  has  often  since  been  n 
with  the  addition  of  a  thin  copper  wire  twisted  with  the 
but  it  is  not  unaccompanied  with  danger,  for  experii 
have  frequently  received  violent  shocks,  and  the  electii 
been  known  to  discharge  itself  to  the  ground  in  spariu 
long,  and  two  or  three  inches  in  diameter.  A.  fatal  cata 
from  incautious  experiments  upon  atmospheric  electrii 
curred  to  Professor  Richman,  of  St.  Petersburg,  in  175 
had  erected  an  apparatus  in  the  ur,  and  was  examining 
a  friend,  when  a  dash  of  lightning  passed  &om  the  im 
rod  through  his  body,  and  instant  death  was  the  conae 


fih 


(93)  The  chime  of  bells,  here  tepim 
suspended  to  the  electrified  body  by  the 
hook,  a.  The  two  exterioi  beUa,  b  6, 
metaUic  communication  with  it,  uid  Uu 
one  is  inaulated  by  a  silk  thread,  but  ii  in 
communication  with  the  groond,  by  Uie  < 
The  metallic  clappen,  c  e,  an  fntpnnlhi 
threads,  and  when  the  exterior  bdla  an 
they  are  altenuUelj  attncted  and  imH 
discbaige  the  electrid^  bj  ninmiw 


X^  centre  conduoting-beU. 


BOLUNO  OK  THUNDER, 


(lb  companion  vas  at  the  same  time  struck  senseless  to  the 
;rou»d. 


5  380.  The  snapping  noise  which  the  electric  spark 
nakes  in  passing  through  a  portion  of  the  atmosphere  is  due  to 
he  sudden  compression  of  the  air;  and  there  can  be  no  doubt 
hat  the  awful  thunder-clap  itself  is  produced  by  t)ie  same 
■ctiim.  nie  report  is  in  this  extreme  instance  modified  by  a 
larietT  of  circumstances,  such  as  distance,  echo,  &c.;  and  the 
ndden  dying  away  and  return  of  the  sound  may  be  accounted 
'or  on  well-known  principles. 

We  have  already  stated  (§  52)  that  sound  travels  in  ^r  with 
i  velocity  of  only  1,130  feet  in  a  second,  but  light  at  the  rate  of 
195,000  miles  in  the  same  period  of  time  (§  216).  Tlie  time  in 
irhich  the  flash  of  lightning  reaches  us,  firom  tlie  different  points 
rf  its  course,  may  therefore  be  taken  as  instantaneous;  hut  the 
dme  which  the  explosion  occupies  will  be  very  appreciable,  and 
will  varj-  with  the  distance  of  the  several  parts  of  the  long  line 
which  the  discharge  traverses.  By  a  calculation  founded  upon 
tin  interval  between  the  flash  and  the  sound,  and  the  duration 
of  the  thunder-clap,  it  has  been  found  that  a  flash  of  liglitning 
ficqncntly  traverses  a  space  of  nine  or  ten  miles;  and,  when  we 
bke  into  account  the  ziz-zag  path  which  it  ordinarily  follows, 
■ti  iltemate  approach  and  recession  will  account  for  the  pheno- 
ntnon  in  quesdon  (94).  Such  would  be  the  efl'ect  produced  u))on 
a  observer,  placed  at  the  end  of  a  long  flle  of  soldiers,  who 


(M)    The  usual  xtg-iag  path  of  a  flash  of  lightning  is  here  reprc- 
■■tid.    The  sound  will  reach  the  observers,  placed  at  a  and  a,  from 


ttbtnt  pwt^  A,  ^  in  Teiy  unequal  times;  and  will  wmetiniea 
b  m4  Am  ^pmd  altemately,  at  it  reaches  tbem  fron  the 
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were  to  discharge  their  muskets  at  the  same  moment.  He 
would  not  hear  a  single  report,  but  a  succession  of  reporti^ 
which  would  produce  an  irregular  rolling  sound. 

§  381.  If  a  house  stand  in  the  way  of  an  electric  db- 
charge,  that  is  to  say,  if  it  form  by  induction  from  the  chained 
clouds  a  part  of  that  line  of  particles  which  have  attained  tke 
highest  degree  of  tension,  the  course  which  the  lightning  wU 
take  will  be  determined  by  the  accidental  position  of  differeat 
conducting  bodies  within  it,  which  will  change  the  line  of 
greatest  tension  according  to  their  relative  situations.  Thuil 
is  probable  that  it  may  descend  a  chimney  in  which  the  urii 
rarefied;  or  it  may  strike  the  same  object  from  being  themort 
elevated  conducting  body  in  its  course.  It  may  then  ]mf  H 
different  metallic  articles  in  the  chambers,  or  even  to  perMNM^ 
whose  good  conducting  properties  may  present  an  easy  tisBsk 
in  the  position  in  which  they  may  be  placed;  it  will  finally  pM 
to  the  earth,  after  having  dius  followed  the  path  which  Ind 
been  previously  determined  by  the  arrangement  of  the  parfids 
under  the  highest  state  of  inductive  influence.  As  long  u  th 
discharge  is  confined  to  the  good  conducting  substance  of  melab 
lightning  produces  no  injurious  effects;  but  whenever  it  poM 
from  these  into  imperfect  conductors  its  course  is  maiked  If 
destruction. 

Hence  we  so  often  hear  of  trees  shivered  to  piecefl|»  hoMi 
set  on  fire,  persons  killed,  ships  damaged  and  destroyed;  aid 

further  or  nearer  portions  of  the  atmosphere  in  which  the 
18  produced. 


Sometimes  the  disohaige  follows  a  path  appxoachiog  to  a  _ 
of  a  cirde^^and  theii,if  the  observer  be  placed  in  thesituptioiraiilfe 
eqoi-distant  firom  emy  part  of  the  flash,  it  will  afieot  Jdtk  HH 1 
single  crssh. 
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§365.  The  force  of  the  convective  discharge  will  be 
Iways  greatest  from  a  pointy  for  reasons  which  must  be  very 
bvious  from  the  principles  of  action  which  have  been  explained. 
le  lines  of  inductive  force  are  concentrated  upon  the  extre* 
lity  of  the  pointy  and  it  is  there  consequently  that  the  inten- 
ity  necessary  to  charge  the  air  is  first  acquired;  it  is  from 
bence  that  the  charged  particle  recedes,  and  the  mechanical 
)rce  which  it  impresses  on  the  air  to  form  a  current  is  in  every 
ray  favoured  by  the  shape  and  position  of  the  rod  of  which  tlie 
loint  forms  the  termination.  At  the  same  time  the  point, 
laring  become  the  seat  of  an  active  mechanical  force,  does,  by 
he  act  of  discharge  which  causes  it,  prevent  any  other  part  of 
be  rod  from  acquiring  the  same  necessary  condition,  and  so 
{reserves  its  own  predominance. 

§  366.  Light  models  fitted  up  with  vanes,  like  the  floats 
i  a  water-wheel^  may  be  put  in  motion  by  the  current  of  air 
produced  by  the  action  of  an  electrified  point ;  and  if  a  lighted 
taper  be  presented  to  such  a  current,  its  flame  will  sometimes  be 
Uown  out  (91). 

If  a  point  be  inclosed  in  a  glass  tube  so  that  it  may  be 
{daced  at  any  distance  from  one  of  the  open  ends  of  the  tube, 
iU  influence  as  a  point  will  be  destroyed,  and  it  will  transmit 
dectricity  by  sparks  as  a  ball.  The  access  of  fresh  uncharged 
iir  is  thus  stopped,  and  the  process  of  convection  cannot 
proceed. 

§  367*  The  light  which  accompanies  the  disruptive  dis- 
diaige  of  the  electrical  forces  is  accompanied  by  heat,  and  is 


(91)  This  figure  represents  a  light  cross  of 
vire,  taming  upon  a  point,  placed  upon  the  prime 
eondnctor.  The  air  is  forcibly  driven  from  the 
pobts,  and  by  its  reaction  impels  the  vane  in  the 
<fposite  direction. 


The  flame  of  a  taper  is  here  re- 
K^iented  under  the  influence  of  the 
^^1  PMting  oflT  from  a  point,  upon 
^  cbatged  electrified  conductor. 
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charged  clouds  is  utterly  inconsiderable,  and  quite  inadequat 
determine  their  discharge.  The  conductor  is  perfectly  pass 
and  its  efScacy  consists  in  opening  an  easy  path  by  which 
force  may  be  transmitted  when  directed  by  other  circumst&i 
to  its  close  vicinity.  Its  action  is  at  best  but  of  a  nega 
kind,  and  it  can  no  more  be  said  to  attract  the  lightning  t 
a  watercourse  can  be  held  to  attract  the  water  which  necessa 
flows  tlirough  it  at  tlie  time  of  heavy  rain. 

It  is  true  tlijit  a  pointed  conductor  will  silently  draw  o 
considc^rable  portion  of  the  electric  charge  from  a  distant  di 
and  its  action  will  sometimes  be  indicated  by  a  glow,  or  c 
l)rusli,  upon  its  extremity,  but  this  would  tend  to  diminish 
state  of  tension  of  the  charged  masses;  and,  if  inadequat 
produce  an  appreciable  diminution  of  the  enormous  quant 
collected,  can  have  no  influence  in  exalting  the  tension  to 
point  of  disruption. 

§  384.  The  beautiful  meteor  called  the  aurora  bare 
there  can  be  little  doubt,  is  another  form  of  electrical  disch 
taking  place  in  the  upper  regions  of  the  atmosphere,  where 
decreased  density  of  the  air  admits  of  those  brushes  and  oo 
caticms  which  can  be  so  well  imitated  in  the  receiver  of  the 
pump.  Limiinous  brushes,  aigrettes,  and  glows,  have 
unfrequently  been  observed  also,  previous  to  thunder-stoi 
upon  the  mast-heads  of  vessels,  the  points  of  soldiers'  spc 
and  even  upon  the  outstretched  fingers  of  the  hand.  Upon 
high  table-land  of  Mexico,  where  the  atmosphere  at  timi 
extremely  dry,  the  horses'  manes  become  luminous  and  en 
crackling  noise.  These  lights  used  formerly  to  be  regarded ' 
feelings  of  dread  and  superstition,  and  went  in  Italy  by 
name  of  the  Fire  of  St.  Elmo. 

§  385.  The  atmosphere,  though  not  usually  chaige 
the  excess  which  is  necessary  to  produce  the  {jienomen 
which  we  have  just  adverted,  will  commonly  afford  indioil 
of  electrical  excitement.  In  calm  dry  weather,  when  no  d 
are  visible,  the  gold  leaves  of  an  electrometer  aimed  iri 
pointed  rod  or  flame,  will  always  indicate  vitreoiis  dectri 
and  it  has  been  ascertained  that  its  intenaity  is  mabjj&t 
regular  variations,  reaching  a  maximum  about  seven  or  i 
o'clock  in  the  morning,  and  falling  to  a  mitiiinqm  betwetl 
and  two.    In  high  vfindn  and  damp  weather,  witlioat 


electrical  indications  can  rarely  be  obtained;  and  in  cloudy 
veither,  and  in  times  of  showers  of  hail,  rain  or  snow,  they  vary 
TCTf  much  both  as  to  kind  and  intensity. 

§  386.  At  a  very  early  period  it  had  been  observed  that, 
vlien  Tessels  at  sea  had  been  struck  by  lightning,  their  coin- 
pum  were  often  deranged;  an<l  in  some  instances  tlie  polarity 
of  their  needles,  or  their  property  of  pointing  north  and  south, 
dedroyed,  in  others  reversed.  Dr.  Franklin  also  succeeded  in 
imitating  this  effect  by  frequent  discharges  of  the  electrical 
brttuy.  Up  to  a  very  recent  date,  however,  there  has  always 
beoi  great  uncertainty  in  the  results  of  the  experiment;  but  tlie 
conditions  of  its  success  have  lately  been  determined,  and  by 
nipping  a  wire  spirally  round  a  glass  tube,  so  tliat  the  convo- 
lutions shall  not  touch  each  other,  and  placing  the  needle  witliin 
it  rhile  a  strong  discharge  is  directed  through  the  wire,  these 
effects  may  be  produced.  It  a  common  steel  needle,  without 
iny  attractive  power,  be  placed  in  similar  circumstances,  it  will 
be  found  to  ha%'e  acquired  the  power  of  attracting  iron  filings, 
tod  ill  the  properties  of  Maonetism. 

We  will  now,  therefore,  proceed  to  inquire  into  the  nature  of 
du  new  force,  and  the  laws  which  govern  its  action. 


XI.  MAGNETISM. 

I  367>  The  force  or  forces  of  Maonetish  we  have 
■bady  diatiiiguished,  (§  16],  aa  they  reside  in  the  loadstone;  or 
M  eannmnicated  by  Miction  from  that  species  of  iron  ore  to 
bi  of  iteeL  The  first  observed  phenomena  of  magnetism  did 
M^Qu  tboie  of  electricity,  remain  for  some  thousand  years  a 
haa  diacoreiy;  for  the  polarity  of  a  magnetic  bar,  or  its 
r  of  always  pointiiig  towards  the  North  Pole  of  the 

If  vu  kmg  aince  rendered  subservient  to  navigation.  It  is 
■id.  Unt  Uie  Chinese  and  Arabians  were  acquunted  with  this 
directive  power  before  the  Europeans,  and  that  they  employed 
■t  nen  one  thousand  years  before  the  Christian  era. 

Mr.  Daries  has  informed  us,  that  it  is  explicitly  mentioned 
nt  Chinese  dictionary  finished  in  a.d.  121;  and  in  another 
dictionary  completed  in  the  reign  of  Kang-hi,  he  says,  it  is 
•(atDd  that  under  the  Tsin  dynasty,  (prerioos  to  a.d.  419,)  ahipe 
"^  iteeied  to  the  south  by  the  Diagnet. 
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With  regard  tu  Europeans,  the  only  certun  feet  conoenin 
the  early  application  of  the  property  is,  tliat  Vasco  de  Gami, 
Portuguese  navigator,  employed  the  compass,  in  1497)  in  hi 
first  voyage  in  the  Indian  aeas. 

§  388.  I<et  us  now  examine  the  phenomena  with  am 
precision. 

If  a  long  bar  magnet  be  covered  with  iron  filings,  and  thi 
withdrawn  from  the  heap,  it  will  be  found  that  &  portion  of  ti 
filings  adhere  to  its  surface,  but  in  a  very  unequal  mBiuM 
large  clusters  wUl  be  suspended  from  the  two  extremities,  b 
not  a  particle  will  be  attached  to  the  centre  betn-een  thean  {% 
It  may  also  be  observed  that  long  filaments,  composed  of  mi: 
smaller  ones  joined  end  to  end,  will  stand  erect  from  the  eac 
but  that  as  they  recede  from  these  points,  tliey  will  be  shod 
and  shorter,  and  incline  from  each  other,  appearing  to  be  ■ 
repelled.  The  best  mode  of  examining  the  attractive  poinb 
such  a  bar  is  to  place  it  under  a  sheet  of  paper,  upon  irin 
iron  filings  may  be  sifted.  By  gently  tapping  the  piqier,  th 
are  slightly  projected  into  the  air,  and,  as  they  fall  under  t 
influence  of  tlie  magnetic  attractions,  they  distribute  themsdt 
int4)  regular  and  beautiful  curve  lines  which  convei^  toim 
the  extremities,  where  they  are  collected  in  largest  qusntitii 
These  points  of  attraction  are  the  poles  of  the  magnet:  tbtti 
points  endued  with  similar,  but  opposed,  forces  of  attneti 
and  repulsion,  analogous  to  those  which  we  found  in  ui  im 
lated  electrical  conductor  under  induction.  A  needle  of  * 
iron,  freely  suspended  from  a  silk  thread,  will  be  attracted  p 
(nsely  in  the  same  way  as  the  iron  filings;  but  a  magBBl 
needle  of  steel  will  be  attracted  by  one  extremity,  and  tepA 
by   the   other.     These  phenomena  take  place  tlirouf^  idi 


(9fi)  If  a  magnetised  bar  be  placed  on  a  sheet  of  paper,  ■ 
filings  be  sifted  iqxm  It,  they  will  adhere  to  it  in  the  Boami 
represented. 
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po«ed  metals,  glass,  resins,  water,  |)aper,  &c.,  and  are  clearly 
distinguished  from  their  analogous  electrical  attractions  and 
repulsions. 

{  389.  All  kinds  of  matter  are,  perhaps  we  may  be 
•Uoved  to  say,  transparent  to  the  magnetic  influence:  and 
thus  the  distance  of  bodies  through  intervening  rocks  or  other 
obitnictions  may  be  measured  by  magnetic  needles,  whose 
motioiu  and  deflection  may  be  observed  under  tlie  influence  of 
I  magnet  at  known  distances  and  compared  with  the  unknown 
inteiraL  This  method  has  been  successfully  employed  in 
mming. 

§  390.  Sometimes  a  bar  which  has  not  been  magnetized 
to  nturation  will  present  points  which  have  been  called  conse- 
cotiTe  poles,  indicating  alternations  of  the  two  magnetic  forces. 
Hi^  may  be  discovered  by  the  grouping  together  of  iron 
flings,  or  by  the  alternate  attractions  and  repulsions  of  the  bar 
•t  the  difierent  points  when  freely  suspended. 

§  391.  Soft  iron  becomes  magnetic  by  induction  from  a 
mignet,  just  as  an  insulated  cylinder  of  metal  becomes  electrical 
by  the  action  of  an  electrified  body  through  the  air.  If  a  key, 
or  other  piece  of  iron,  be  held  near  one  of  the  poles  of  a 
powerful  loadstone  or  magnet,  it  will  be  found  that  a  series  of 
iron  balls  and  needles  may  be  suspended  from  it,  each  in  suc- 
eorion  becoming  polar  under  the  influence  of  the  inducing 
fane  (96).  IVhen  the  magnet  is  withdrawn,  they  all  imme- 
^■tdy  return  to  their  neutral  state. 

Tbe  opposition  of  the  poles  may  be  well  shown  by  sus- 
pending two  small  iron  cylinders,  side  by  side,  in  contact,  and 
■ppioacfaing  them  with  the  pole  of  a  magnet ;  each  will  become 
tenporarily  magnetic;  and  each  will  have  its  nearest  end  con- 


(96)  A  represents  a  bar-magnet,  near  to  the  marked  extremity  of 
*UAv  y,  a  key  is  held:  this  will  become  magnetic  by  induction,  and 
*i!l  indvee  magnetism  upon  the  three  small  ny 

>tth  braoi^t  near  it,  which  will  be  conse-  a 

fMidy  attiaotod.  The  positions  of  the 
■■U  poka  of  ihflie  temporary  magnets  are 
Bbalid  hf  die  letfteis  n"  %"'  W";  when  the 
b|ii|^adaallj  lanored  from  the  influence  of 
Ataagaety  die  iron  naila  succeaaiTely  fell  off. 


Fiff.\. 


(97)  When  the  unmarked  pok  J  t 
magnet,  s,  is  held  at  a  little  distance  from  tw 
pieces  of  soft  iron,  suspended  from  apofaitlf 
two  pieces  of  thread,  (fig.  1 X  the  j  both 
magnetic  hj  induction,  and  the  two 
poles, » II,  and  the  opposite  poles,  s  «,  lepdMH 
another.  If  the  pole  of  the  magnet,  %  {^^) 
be  approached  nearer  to  them,  its  wagieBm 
attraction  will  oreioome  the  mvtsal  nf^ 
sion  of  the  poles  ii  »,  and  they  wQl  be  teW 
towards  it,  but  the  poles,  ##,  will  aepanHlf! 
a  greater  distance  than  befidce. 
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verted  into  an  opposite  pole  to  that  of  the  magnet :  tlie  similar 
poles  of  the  two  cylinders  will  consequently  be  in  contact,  bat 
will  immediately  repel  each  other^  and  the  cylinders  will  flj 
apart  (97). 

A  bar  of  soft  iron  placed  upon  a  bar-magnet  of  eqnil 
dimensions  neutralizes  its  action  upon  other  bodies  by  becom- 
ing converted  by  induction  into  a  magnet  of  opposite  poles. 

If  a  quantity  of  fine  iron  wire  be  cut  into  lengths  of  aboit 
one-eighth  of  an  inch^  large  quantities  of  it  may  be  suspended 
from  a'  magnet ;  which  will  exactly  represent  the  black  silk 
threads  which  we  have  before  examined  under  the  inductin 
influence  of  electricity  m  spirits  of  turpentine  (§  3170 

§  392.  The  magnet,  like  the  charged  electrical  conductor, 
loses  none  of  its  original  force  while  communicating  this  induced 
power ;  but,  on  the  contrary,  it  has  its  own  state  exalted  by  the 
reaction  of  the  opposite  power  it  thus  develops.  Tlie  inductive 
influence  decreases  very  rapidly  with  the  distance^  and  is  in- 
versely as  some  unascertained  power  of  the  distance  mvA 
higher  than  the  square. 

§  393.  There  is^  however  an  essential  difference  in  the 
character  of  electrical  and  magnetical  induction :  we  have  sees 
(§315)  that  if  a  cyluider  under  electrical  induction  be  broken  ii 
two^  each  half  will  retain  an  opposite  charge  independently  of 
the  other;  but  if,  under  similar  circumstances  of  magiMfi^ 
influence,  an  iron  wire  be  cut  in  two^  the  end  which  is  removed 
will  show  no  signs  of  free  magnetism.  Under  no  circumstaiioesy 
indeed^  can  one  magnetic  force  be  obtained  in  any  form  of  iM 
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nnthuut  tlie  co-existence  of  an  equal  amount  of  the  oppuitite  force 
in  the  same  mass :  and  if  we  fracture  a  magnet,  or  loadstone, 
bitu  any  nnmber  of  pieces,  each  A-agment  will  be  a  perfect 
tugnet  with  contrary  poles.- 

§  394.  We  may  suppose  a  mass  composed  of  minute 
gnini  of  metal,  each  surrounded  by  a  non-conducting  substance 
notiddiDg  sensibly  to  its  bulk:  on  brining  a  body  thus  cun- 
■tituted  near  an  electrified  body,  every  one  of  the  grains  would 
nunediately  become  electrical  by  induction ;  and  it  has  been 
utheiuatically  proved,  that  tlie  attractions  and  repulsions  which 
nth  a  body  would  exert  externally,  would  be  the  same  as  those 
of  B  homogeneous  conductor  of  the  same  form  and  size,  subjected 
to  the  same  inductive  influence.  In  the  latter  case,  however, 
the  two  forces  would  be  transferred  to  tlic  opposite  extremities 
■f  the  body ;  while  in  the  former  they  would  remain  in  tlie 
Banes  to  which  they  originally  belonged.  Such,  in  fact,  appears 
to  be  the  disposition  of  the  electric  forces  in  the  tourmaline 
[f  376),  and  it  offers  an  excellent  illustration  of  the  disposition 
<f  the  forces  in  the  magnet. 

i  395.  Hence  we  may  conclude  that  magnetic  inductiun 
tabs  place  in  consequence  of  the  complete  and  separate  pola- 
(■tion  of  each  particle  of  iron,  just  as  electrical  polarization 
tikti  place  in  a  dielectric;  and  that  tlie  forces  cannot  travel 
han  one  to  the  other  to  accumulate  at  tlie  ends  like  the  electric 
kniM  in  an  insulated  conductor. 

Inm  filings,  by  their  mere  juxtaposition,  under  the  influence 
rfa  mignet  form  a  series  of  minute  magnets,  of  which  the  poles 
in  nniUrly  situated  in  each ;  and,  being  altenuitely  of  different 
Inda^the  adjacent  ends  attract  one  another.  An  accumulation 
rfndi  filings  between  the  opposite  poles  of  two  magnets,  or  of 
■  ngnet  bent^into  the  form  of  a  horse-shoe,  accurately  reprc- 
wnti  a  bar  of  loft  iron  placed  in  the  same  position,  and  the 
piracies  of  both  we  conceive  to  be  precisely  in  the  same 
Wndition. 

Separate  magnetic  charges  cannot  be  supported  by  distant 
^es,  by  a  polarisation  of  the  particles  of  Uie  intervening  air, 
equivalent  to  that  which  sustains  a  charge  of  either  of  tlie 
■^Ktncal  forces.  The  m^netic  forces  traverse  all  substances 
ao^  iron  and  one  other  metal,  nickel,  without  affording  any 
■<td>cUions  of  that  mHaioa  upon  their  partides,  which  has  so 
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lately  been  established  by   Dr.   Faraday  in  the  case  of  the 
electrical  forces. 

§  396.  Perfectly  pure  soft  iron  returns  immediately  to  hi 
neutral  state  upon  removing  the  inducing  cause  or  pole  of  the 
magnet;  but  if  the  natural  arrangement  of  the  particles  of th 
metal  be  disturbed  by  mechanical  force,  such  as  twisting  o 
violent  hammerings  it  will  retain  its  polarity  for  longer  or  shoite 
periods.  The  new  arrangements  which  take  place  from  chenua 
com])ination  also  confer  this  retentive  or  coercive  power  in 
high  degree :  hence,  the  permanence  of  the  magnetic  forces  i 
the  loadstone,  which  is  an  oxide  of  iron,  and  in  hard  sted, 
compound  of  carbon  and  the  same  metal. 

§  397-  The  process  of  induction  takes  place  very  dowl 
in  tempered  steel  by  mere  contact ;  the  coercive  power  whii 
retains  the  particles  in  their  polarized  state,  when  once  acqoirs 
opposing  itself  to  its  reception:  but  it  is  greatly  facilitated  I 
friction.  When  one  pole  of  a  powerful  magnet  is  rubbed  tv 
or  three  times  along  a  bar  from  end  to  end,  always  in  the  aui 
direction,  the  latter  speedily  acquires  the  magnetic  viita 
Various  modes  of  friction  have  been  devised  for  saturating  ito 
bars  with  magnetism ;  instead  of  the  simple  mode  just  indieilM 
which  goes  by  the  name  of  the  single  touch,  the  two  oppoiil 
poles  of  a  magnet,  bent  into  the  form  of  a  horse-shoe  (98),  ni 
be  brought  down  upon  the  centre  of  the  bar  to  b^  magnetisei 
with  the  poles  turned  in  a  direction  the  reverse  of  that  of  tl 
poles  intended  to  be  given  to  the  bar,  and  then  moved  akn 
the  surface  from  the  centre  alternately  to  each  extremity,  tddi 
care  to  pass  over  each  half  of  it  an  equal  number  of  times,  v 
repeating  the  same  operation  on  the  opposite  side.     lUs 


(98)  This  figure  represents  a  magnet  bent  a 
the  form  of  a  horse-shoe;  by  which  means  the  t 
poles  are  brought  near  to  each  other,  and  are  M 
adapted  to  many  experiments.  When  not  in  s 
they  are  connected  together  by  a  piece  €i  soft  in 
which  is  caUed  the  keeper^  by  which  tiicir  ftm 
preserved  unimp^sired.  The  power  of  a  wa§^ 
may  be  measured  by  suspending  a  sedMSM  #1 
keeper,  and  loading  it  with  weights  tfll  n  *^ — 
detached  by  their  gravity. 
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oiled  the  double  touchy  and  the   bar  becomes  speedily  and 
effectually  magnetic. 

§  398.  Great  advantage  is  derived  when  two  bars  are 
to  be  magnetized^  by  disposing  them  in  a  parallelogram^  in 
conjunction   with   connecting  pieces  of  soft  iron.     Both   the 
poles  of  a  horse-shoe   magnet  are    brought   down    upon  the 
puallelogram  so  formed  and  drawn  around  it;  one  pole  follow- 
ing another   always   in   the   same    direction.      In  completing 
the  operation  the  poles  of  the  horse-shoe  must  be  turned  in 
8och  a  way  as  that  one  may  be  drawn  down  one  bar,  and  the 
other  simultaneously  down  the  other,   so  that  both   may  be 
lifted  at  the  same  time  from  the  \}o\es  of   the  two  magnets 
which  have  been  touched.     If  the  poles  of  the  horse-shoe  were 
to  be  lifted  from  the  magnets  in  their  original  position,  there 
would  be  a  loss  of  one- third  of  their  power  (99).     Horse-slioe 
magnets,  for  the  same  reason,  may  be  most  efficaciously  touched 
bjr  oomiecting  together  their  extremities  with  soft  iron.     In 
ndi  a  complete  circuit,  moreover,  the  power  is  preserved  most 
lecurely  by  the  reciprocal  influence  of  the  opposed  forces,  and 
magnets  when  out  of  use  should  be  carefuUy  protected  in  this 
manner.    While  such  a  circuit  is  closed,  it  will  exert  but  a 
fceble  influence  ii^n  any  exterior  body;  but  the  keeper ,  as  the 
soft  iron  bar  is  called,  is  retained  in  its  position  by  a  very 
powerful  attraction.     It  is,   however,  found   diat  the  weight 
which  it  will  support  immediately  after  the  process  of  magnet- 
iiing,  is  much  greater  than  when  the  circuit  is  reclosed  after 
hning  been  once  broken. 

{  399.  Powerful  magnetic  batteries  are  constructed  by 
imitiiig  a  number  of  horse-shoe  magnets,  laying  them  one  over 
die  oCfaer^  with  all  their  poles  similarly  disposed,  and  fastening 
Aem  together  in  a  copper  case.  Care  should  however  be  taken 
dat  all  the  bars  should  be  as  nearly  as  possible  of  the  same 
power,  for  the  interposition  of  feeble  bars  greatly  reduces  the 
power  of  the  stronger,  just  as  plates  of  soft  iron  would  destroy 
itdlogetlier. 


(W)  Thia  figure  represents  two  bar 
■ipali^  with  their  opposite  poles,  n  s, 
Jp^  in  •  Juxte-poaitioii,  and  connected 
^Maaof  dicirannatiuesof  soft  iron. 
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The  Rev.  Mr.  Scoresby  has  ascertained  that  great  advai 
arises  from  constructing  magnets  of  thin  plates  of  hard  : 
separated  from  one  another  by  very  thin  slia\nngs  of  wood 
magnet  thus  formed  of  196  plates,  15  inches  long,  and  l{ 
wide,  rendered  an  iron  nail  weighing  500  grains,  magneti 
induction,  at  a  distance  of  11  inches,  so  that  it  supp 
another  weighing  389  grains.  It  also  sustained  a  nail  wei{ 
194  grains  through  a  slab  of  marble  seven-eighths  of  an 
tliick. 

§  400.  The  action  of  the  earth  upon  a  magnetic  n 
(100),  may  be  roughly  compared  to  that  of  a  large  bar  n» 
u]K)n  it;  and  may  be  represented  by  the  action  of  such  a  roi 
passing  nearly  along  the  axis  of  a  globe,  the  poles  of  which, 
ever,  do  not  exactly  coincide  with  the  poles  of  the  earth's  roti 
If  a  small  magnetic  needle,  suspended  so  that  it  has  freedo 
motion  in  a  vertical  plane,  be  placed  midway  upon  su 
magnet  or  upon  the  equator  of  the  globe,  it  will  assume  a 
zontal  position,  vnth  its  poles  directed  to  the  dissimilar  pol 
the  large  bar. 

The  end  of  a  needle,  or  bar,  which  directs  itself  toward 
north  pole  of  the  earth,  is,  for  convenience,  generally  d 
guished  by  a  mark,  and  is  therefore  best  denominated 
marked  end.  It  is  sometimes  called  the  north  end,  or 
but  very  improperly,  as  it  manifests  the  opposite  force  to 
which  acts  at  the  north  terrestrial  pole. 

As  the  needle  above-mentioned  is  advanced  towards 
pole  of  the  large  magnet,  the  end  which  is  directed  toward 
pole  begins  to  dip  or  incline  downwards,  till  at  length  it  s! 
perpendicularly  above  it.  Upon  being  gradually  drawn  ba 
its  former  position,  it  slowly  recovers  its  horizontal  dim 


(100)  This  figure  x«pm 
a  convenient  mode  of  support 
needle  for  the  purpose  of  indii 
its  direction,  a  is  a  stand  ia* 
is  fixed  an  upright  rod,  of  av 
stance  but  iron.  The  ktter  1 
nates  in  a  pointy  which  fits : 
small  agate  cap  at  the  eentn  < 
needle,  which  is  thiu  Ine  la 
the  least  poasifab  fUettii 
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md  upon  Iwing  advanced  towards  the  opposite  pole,  the  same 
Rnn  of  phenomena  take  place  with  the  opposite  end  (101). 

^  401.  Perfectly  analogous  phenomena  of  direction  and 
dip  take  place  under  the  influence  of  terrestrial  magnetism,  but 
die  laws  which  govern  them  are  of  a  more  complicated  nature. 
A  nredle  freely  suspended,  out  of  the  influence  of  any  ferru- 
ginous  mass,  only  remains  in  equilibrium  wlien  in  the  magnetic 
ineHdian;  there  are  places  where  this  line  coincides  wit)]  the 
terrestrial  meridian,  and  in  these  a  magnetic  needle  points  to 
fte  tmc  north.  If,  however,  it  be  carried  successively  to  dif- 
fcrent  places  on  the  earth's  surface,  its  direction  will  be  some- 
times  to  the  east,  and  sometimes  to  the  west  of  north.  It 
■ppean,  &om  tlie  latest  researches,  to  be  probable  that  there 
nuf  be  more  than  one  magnetic  pole  in  cither  hemisphere. 
According  to  the  observations  of  M.  Hansteen,  tliere  is  one  in 
Siberia,  in  longitude  102°  east  of  Greenwich,  and  a  little  to  the 
noTt)]  of  the  60th  degree  of  latitude:  this  is  of  much  inferior 
force  to  the  other,  which  has  been  determined,  by  the  obser- 
ntions  of  our  late  arctic  navigators,  to  be  about  96°  40"  W. 
Inngitnde,  and  70°  14'  N.  latitude.  Thus  the  two  centres  of 
attraction  in  the  northern  hemisphere  are  not  at  opposite  points; 
bat  the  distance  between  them  is  about  200°  across  Greenland 
ud  Norway,  and  160°  across  Behring's  Straits.  The  cnrre- 
iponding  southern  poles  are  respectively  in  the  neighbourhood 
cf  Cape  Horn  and  to  the  south  of  Austndia.  The  magnetic 
(^■tor,  moreover,  does  not  exactly  coincide  with  the  terrestrial 
ntutor,  but,  £rom  a  discussion  of  all  tlie  obser\'ations,  appears 
to  he  an  irregular  curve,  inclined  to  it  at  an  angle  of  about  12°, 
■ltd  eratnng  it  in  at  least  three  points  of  longitude. 

Tba  direction  of  the  needle  varies  even  in  tlie  same  place;  in 
'^beginning  of  the  seventeenth  century,  the  needle  in  London 

(101)  The  suspension  of  the 
dipping-needle  is  here  shown.  The 
needle  is  formed  of  a  flat  piece  of 
■teel,  through  the  centre  of  which  a 
small  axis  pasaei  at  right  angles.  It 
freely  moves  in  circolai  holM,  made 
in  die  horisontol  bar  h  A,  which 
fiimu  the  diameter  of  the  cinle,  o  c, 
which  is  gtadoated  for  the  puipoN 
rf  showing  the  angle  made  hj  the 
needle  with  the  horiaotL 
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inclined  a  few  degrees  to  the  eastward  of  the  true  north;  in 
1659  it  pointed  exactly  north;  and  after  this  the  line  of  nc 
variation  began  to  travel  slowly  westward,  and  has  now  pasiec 
over  to  North  America.  At  New  York,  U.  S.,  in  1837  tht 
variation  observed  by  Professor  Renwick,  was  5®  28'  W. 

§  402.  The  dip  undergoes  corresponding  changes,  thoogl 
less  considerable  than  those  of  the  variation;  and  in  London i 
has  been  found  that  there  has  been  an  annual  diminution  o 
about  3'  for  the  last  fifty  years.  In  1822  it  was  observed  b] 
Col.  Sabine  to  be  72°. 

§  403.  The  needle  is  also  subject  to  diurnal  variadonsd 
small  amount;  in  our  latitudes  it  moves  slowly  eastward  dnrini 
the  forenoon,  and  returns  to  its  mean  position  about  ten  in  die 
evening:  these  variations  doubtless  depend  upon  diurnal  changd 
of  temperature.  In  addition  to  them,  sudden  disturbances  of  i 
large  amount  often  affect  the  magnetic  instruments,  which  an 
not  of  long  duration,  but  have  been  ascertained  to  be  syncho- 
nous  all  over  the  globe.  They  indicate  what  have  been  caDed 
magnetic  storms,  and  the  vigilance  with  which  these  and  aD 
other  magnetic  phenomena  are  now  recorded  at  the  Obso^ 
vatories  which  have  been  founded  by  the  Government,  unda 
the  directions  of  the  Royal  Society,  promises  not  only  tU 
some  mathematical  theory  of  the  whole  will  result  firom  doi 
unceasing  lalK)ur,  but  that  some  light  will  be  thrown  upon  dM 
physical  causes  of  such  interesting  and  extensive  effects. 

Besides  the  variation  and  the  dip,  there  is  a  third  drcn 
stance  in  terrestrial  magnetism  which  is  deserving  attention^  tfi 
that  is,  the  intensity  of  die  force  which  obliges  the  needk  ft 
take  up  its  position  of  equilibrium.  This  force  varies  grestljii 
different  latitudes,  and  increases  generally  from  the  eqnatarft 
the  poles.  If  we  represent  the  highest  degree  of  intenntjb] 
1.81,  the  lowest  degree  is  something  less  than  half,  or  0.84.  I 
is  not  symmetrically  distributed  in  the  northern  hemisphot 
but  there  is  a  general  analogy  of  distribution  in  the  two  poh 
hemispheres. — If  we  imagine  the  globe  to  be  divided  into  ■ 
eastern  and  a  western  hemisphere  by  a  plane  coinciding  witli  0 
meridians  of  100^  and  280°,  the  western,  comprising  AimriBI 
and  the  Ptacific  Ocean  has  a  higher  intensity  than  die  mttM 
comprising  Europe,  Africa,  and  the  Atlantic  Ocean;  iMt  Ai 
magnetic  dharge  is  equal  in  die  nordiem  and  ModianiMl 
spheres. 
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^  404.  For  a  long  time  the  only  known  means  of  csti^ 
mating  the  intensity  of  the  mag;netic  force^  was  to  ascertain  the 
wdgiit  which  might  be  suspended  from  a  magnet  by  means  of 
I  piece  of  soft  iron.  This  of  course  is  a  very  inaccurate  opera- 
tion; but  Coulomb  su^ested  two  methods  by  which  this 
important  point  may  be  determined  with  the  greatest  precision. 
The  first  of  these  is  the  torsion  balance^  the  operation  of  which 
iiu  been  already  described^  and  the  second^  the  method  of 
QKilladons.  This  consists  in  counting  the  number  of  oscil- 
htions  made  by  a  magnetic  needle  in  resuming  its  original 
poution,  under  the  influence  of  any  magnetic  force,  when  dis- 
turbed from  its  position  of  equilibrium.  The  movements  of  the 
needle  are  subject  to  the  same  laws  which  govern  the  oscillations 
of  a  pendulum  acted  on  by  the  force  of  gravity;  and  it  is  a 
necessary  consequence  of  these  laws  that  the  intensity  of  the 
force  producing  the  oscillations  is  proportional  to  the  square  of 
the  number  of  oscillations  performed  in  a  given  time. 

Bj  these  methods  it  has  been  detenmned  that,  between 
magnets,  the  forces  both  of  magnetical  attraction  and  repulsion, 
ue  in  inverse  proportion  to  the  squares  of  the  distances. 

{  405.  The  earth,  thus  regarded  as  a  magnet,  is  capable 
of  acting  by  induction  upon  other  bodies;  and  if  in  these  lati- 
todea  we  hold  a  bar  of  pure  soft  iron  in  the  direction  of  the 
nignetic  dip,  the  lower  end  will  have  the  properties  of  the 
narked  pole  of  a  magnet,  and  the  upper  those  of  an  unmarked 
pole,  as  may  easily  be  ascertained  by  approaching  them  with  a 
magnetic  needle.  That  this  state  of  polarity  is  only  temporary, 
Baj  be  proved  by  reversing  the  bar,  when  the  poles  will  be 
ftmid  in  the  same  position  as  before.  A  bar  of  steel,  or  of  hard 
■tti,  will  become  permanently  magnetic  by  remaining  long  in 
4i  nme  pooition^  and  it  commonly  happens  that  the  fire- 
n^i  poker^  and  tongs^  which  usually  incline  against  the  grate, 
B  t  pontion  not  very  different  from  that  of  the  dip,  become 
'^Eneta. 

f  406.  The  communication  of  magnetism  to  an  iron  or  a 
fWbv  by  this  influence  may  be  greatly  expedited  by  causing 
^teifibriafee  itioDglyj  as  by  striking  it,  when  in  the  proper  posi- 
^vpon  the  end  with  a  hammer.  It  may  also  be  greatly 
by  the  inductive  influence  of  other  masses  of  iron  in 

IrA  it;  notwithstanding  the  iron  itself^  which  thus  adds 
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to  the  effect,  derives  its  power  also  from  the  same  aounXy 
namely,  the  magnetism  of  the  earth.  Tlius  a  steel  bar  aoqum 
a  feeble  magnetism  by  being  hammered  vertically  when  resting 
upon  stone  or  pewter,  but  receives  a  considerable  accession  df 
power  when  subjected  to  the  same  degree  of  hammering  wUk 
placed  upon  a  parlour  poker  in  a  similar  position.  The  pomr 
of  a  magnet  is,  in  fact,  always  increased  by  the  reaction  of 
another  body,  in  which  it  induces  magnetism;  and  this  pro-  , 
perty  is  made  useful  in  arming  (as  it  is  termed)  a  natoial 
loadstone,  and  thereby  increasing  its  power.  Two  plates  of. 
very  soft  iron  are  provided,  equal  in  breadth  to  the  surCuei 
of  the  stone  which  include  the  poles,  and  a  little  longer, 
so  that  when  applied  to  them,  a  portion  of  each  plate  prqjedi 
beyond  the  loadstone.  The  armature  is  fixed  on  very  finnlf 
by  wires,  or  an  external  case  of  any  metal  not  susceptible  d 
magnetism.  The  power  of  the  stone  is  found  to  be  thus  Teij 
much  augmented. 

§  407*  As  the  mechanical  vibration  of  the  particles  oft 
steel  bar  facilitates  its  reception  of  magnetic  polarity,  so  irii 
the  diminution  of  its  coercive  power  by  the  same  means  promote 
its  return  to  the  neutral  state,  and  highly-charged  magneb 
quickly  lose  their  virtue  by  any  concussion  of  their  paitidcii 
A  fall  on  the  floor,  rubbing  with  coarse  powder  for  the  purpotf 
of  polishing,  and  grinding,  will  all  prove  more  or  less  injuriotf 
to  their  powers. 

§  408.  The  only  substance,  besides  iron  and  its  con- 
pounds,  which  has  been  found  susceptible  of  magnetic  polaritji 
of  the  kind  which  we  have  just  been  considering,  is  the  mtbii 
nickel ;  but  there  has  been  some  difficulty  in  determining  dtf 
point,  from  the  small  quantity  of  iron  which  is  capable  of  con- 
ferring attractive  powers  upon  other  metals  with  which  it  wtf 
be  alloyed.  This  in  some  instances  is  so*small  as  to  escqw  the 
detection  of  chemical  analysis. 

§  409.  The  influence  of  heat  upon  magnetism  is  veij 
remarkable.  If  a  steel  bar  be  heated  to  redness^  and  jiioi 
under  magnetic  induction,  and  then  suddenly  cooled,  it  will  k 
found  to  have  become  strongly  and  permanently  magnetic  ini 
very  short  time.  On  the  other  hand,  the  application  of  heatis 
a  magnet  is  invariably  attended  by  a  dissipation  of  its  pow0> 


I 


MAGNETIC  IIYPOTHESKrt.  305 

It  ii  Miuibly  affected  by  tlie  heat  of  boiling  water;  and  a  red 
hot  tutally  destroys  its  magnetism.  If  the  temperature,  liow- 
trer,  be  raised  only  to  100,  it  loses  much  of  its  power  during 
tlie  operation,  but  recovers  it  again  on  becoming  cool;  but 
iftn  it  has  been  heated  to  redness,  no  part  of  its  magnetism 
Rtunii.  The  poM-er  of  a  magnet,  moreover,  increases  as  it 
becomes  colder,  to  the  utmost  limit  to  which  refrigeration  can 
htcuried. 

At  a  white  heat,  iron  appean  to  be  totally  insusceptible  of 
Mj  magnetic  impression  whatever,  and  a  white-hot  ball  of  iron 
B^  be  brought  close  to  a  delicate  magnetic  needle,  without  at 
lO  disturbing  its  state  of  repose.  Nickel  loses  its  magnetic 
■BAnoce  at  a  much  lower  temperature,  and  becomes  totally 
nSffinent  when  heated  to  630°  Fahrenheit. 

(410.  The  phenomena  of  magnetism  have  been  con- 
dttted  blether  by  two  hypotheses  of  exactly  the  same  nature 
M  those  which  have  been  appUed  to  the  analogous  plienomeiia 
ofclectricity.  The  iirat,  or  that  of  ^pinus,  refers  them  to  the 
■goicy  of  a  peculiar  fluid,  having  properties  very  similar  to 
ttoK  of  the  electric  fluid  in  the  hypothesis  of  Frankhn,  but 
*Uch  act  only  upon  ferruginous  bodies  and  nickel.  Tlie  par- 
tides  of  this  fluid  repel  one  another  with  a  force  which  decreases 
H  &t  distance  btcreases,  and  tliey  are  attracted  by  the  particles 
cf  inm  with  a  force  varying  according  to  the  same  law.  This 
kypothesia  further  requires  the  supposition  that  tlie  particles  of 
DQn  npel  one  another  according  to  the  same  law. 

Hw  second  hypothesis  is  exactly  similar  to  the  electric 
lijpathens  of  Du  Fay,  and  is  founded  on  the  supposition  of 
tMmsgnetio  fluids  residing  in  the  particles  of  iron,  and  inca- 
|dda  of  quitting  them.  One  of  these  imparts  the  northern, 
odthe  otlier  the  southern  polarity,  and  they  have  been  deno- 
n^tei  respectively  the  boreal  and  auttral  fluids.  The  particles 
«*  «rti  attract  tViose  of  the  other,  but  repel  those  of  Uie  same 
land.  When  in  combination  with  each  other  these  fluids  are 
ouctive;  each  becoming  active  only  when  separate.  The  de- 
(unpoutiuu  of  the  neural  fluid  is  efiecled  by  the  inductive 

'  ence  of  eitlier  the  one  or  the  other  when  acting  independ- 
«>tlr>  Both  hj-pothcMS  differ  firom  the  correapondtog  electrical 
'■■UDptionM  by  the  oMVssary  condition  that  the  impondsrable 
^  caaout  travel  bom  particle  to  particle,  bat  that  tlw  m^- 
r  atomic  pottioiu  of  matter  to  irluch  they  am 
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attached^  are  separated  from  each  other  by  extremely 
spaces^  within  which  the  displacements  and  motions  < 
magnetic  fluids  are  restricted. 

Either  of  these  general  views  affords  a  sufficient  ba 
mathematical  calculations  which  embrace  all  the  leading 
of  the  science^  but  cannot  for  a  moment  be  supposed  to 
sent  the  real  mechanism  of  the  phenomena^  especially  sin 
inseparable  connexion  which  has  lately  been  proved  to 
between  the  electrical  and  magnetical  forces^  into  the  nat 
which  it  will  be  our  future  business  to  inquire. 

§  411.  We  are  now,  however,  arrived  at  a  point  at 
a  more  intimate  knowledge  of  the  properties  of  different 
of  matter,  simple  and  compound,  and  of  the  laws  of  chi 
combination  and  decomposition,  is  essential  to  our  pro 
and  we  must  proceed  to  examine  the  character  of  ch 
affinity ;  the  laws  which  limit  its  action ;  and  its  com 
with  the  other  forces  which  have  already  passed  undi 
review. 

XII.  CHEMICAL  AFFINITY. 


§  412.  Chemical  affinity,  or  the  highest  degree oi 
rogeneous  attraction,  we  have  already  recognised  (§  22) 
force  which  causes  the  dissimilar  particles  of  different  Id 
matter  to  combine  together  in  the  most  intimate  mi 
forming  compounds  differing  in  all  their  essential  qualiti 
actions  from  their  constituent  ingredients,  and  constitnt 
fact,  distinct  species  of  matter. 

The  greater  the  original  opposition  of  properties  in  1 
the  stronger  appears  to  be  this  species  of  attraction  b< 
them.  Heterogeneous  adhesion  seems  to  depend  upon  a  \ 
similarity  of  nature.  To  effect  the  sohition  of  a  metal^  a 
liquid  metal,  as  mercury  at  ordinary  temperature^  or  tfai  < 
at  higher  degrees  of  heat,  must  be  employed;  inflan 
liquids,  as  alcohol  and  ether,  readily  dissolve  resins^  ft; 
other  inflammable  solids,  which  are  not  taken  up  bj 
while  water  will  dissolve  salts  and  acids,  which  an  bv 
acted  upon  by  the  mere  adhesive  force  of  the  finl^ 
substances.  By  the  force  of  affinUy^  on  fihe  contniy^  n 
bodies  combine  with  non-metallic;  acids  witb  iHrilkw] 
bustible  with  non-combustible  bodies. 
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Tlie  fundamental  idea  of  chemistry,  in  tlie  limited  accep- 
tation of  die  Avord,  is  elementary  cofuposiiion^  and  by  this  it  is 
distinguished  from  the  classificatory  sciences,  such  as  minera- 
logy, which  are  foimded  upon  the  idea  of  graduated  resem- 
blances*. 

The  first  questions  which  seem  naturally  to  suggest  them- 
lelves  upon  these  statements  are, — What  are  the  simplest  forms 
of  matter  ?  What  is  the  chemical  constitution  of  the  familiar 
fomjs  of  matter  vnth  which  we  are  surrounded?  Are  they 
simple  or  com])ound  ?  What  are  the  elements,  or  first  ponder- 
able principles  of  our  globe  ? 

§  413.  Now,  in  discussing  these  questions,  we  have 
lomething  more  formidable  to  deal  with  than  mere  ignorance : 
—namely,  the  strong  prejudices  of  erroneous  education.  It 
requires  no  great  advancement  in  classical  knowledge  to  dis- 
cover that  the  ancients  considered  that  the  four  elements,  out 
of  which  all  other  things  in  nature  were  compounded,  were 
forth,  aify  fire,  aiid  water.  The  notion  originated  with  a  cele- 
brated philosopher  and  good  poet,  named  Empedooles,  who 
nourished  about  four  centuries  before  the  Christian  era.  His 
philosophical  opinions  were  sung  in  verse  ])y  his  contempora- 
ries, and  have  been  incorporated  into  the  poetry  of  all  succeed- 
ing ages ;  and  have  thus  been  invested  with  a  charm  and  an 
wthority  well  calculated  to  mislead  the  judgment,  if  not  sub- 
"Bittcd  to  correction. 

It  is  much  to  be  feared  that  many  highly-educated  persons, — 
persons,  that  is,  tlioroughly  imbued  with  the  taste  and  accom- 
posbed  in  all  the  literature  of  the  ancients, — are  content  with 
iDngre  guesses  made  by  them  respecting  the  nature  of  those 
"BitHinding  objects  of  paramount  interest,  upon  which  tlieir 
Wy  existence  depends.  The  time  of  their  youth  has  been 
'evotod  to  pnrauits  with  which  the  natural  philosophy  of  tl)e 
Qneki,  or  rather  their  crude  specidations  upon  natural  pheno- 
Ma,  are  thoroughly  interwoven;  and  in  after-life  they  often 
*Utlie  time^or  the  inclination,  to  correct  their  careless  obser- 
^ite  of  fiwta,  and  reckless  assumption  of  abstract  principles, 
^  die  sober  results  of  the  Baconian  philosophy.  But  the 
*Rir  has  been  disseminated  far  beyond  the  sphere  in  which  it 
^ihitodj  and  has  struck  deep  root  in  the  general  mind;  its 
■^  bBfiag  become  entwined  in  the  very  texture  of  common 

•  WnswKi.T.. 
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language.  Even  our  dictionaries  of  highest  authority  i 
the  inquirer,  that  the  word  element  means  '^  the  first  oi 
stituent  principle  of  any  thing/'  and  that  the  ''  four  ele 
usually  so  called,  are  eurth,  fire,  air,  water,  of  which  our 
is  composed*.'*  We  cannot  commence  our  inquiry  int 
nature  of  chemical  combination  better,  than  by  applyii 
test  of  experiment  to  this  popular  and  classical  notion  i 
elements  of  all  tilings. 

Air  and  water,  moreover,  are  almost  necessarily  pres 
all  our  operations,  and  it  is  of  the  utmost  importance  tl 
should  become  as  early  as  possible  acquainted  with  thei 
perties. 

Let  us  begin  with  air. 

§  414.  The  mechanical  properties  of  the  atmospb 
which  we  draw  our  breath,  and  on  which  our  vital  functic 
depend,  have  been  already  examined  (§  42,  et  seqJ) :  it  i 
its  chemical  properties  that  we  are  now  to  be  engaged, 
first,  let  us  inquire  whether  air  be  capable  of  resolutio! 
parts  of  dissimilar  nature  and  properties  by  the  arts  of  chen 

Now,  the  only  means  at  our  disposal  for  effectin 
decomposition  of  bodies,  compounded  under  the  force  of  ai 
is  a  higher  degree  of  the  same  attraction  in  some  other  bo 
one  of  their  component  parts,  assisted  sometimes  by  tfa< 
current  action  of  other  forces.  The  process  which  goes  I 
name  of  Elective  Affinity,  is  a  play  of  forces  of  exactly  the 
nature  as  that  which  has  already  been  described  in  the  < 
the  subordinate  force  of  heterogeneous  adhesion  (§  lOS 
has  been  exemplified  in  the  decomposition  of  the  combi 
of  nitric  acid  with  copper ;  when  a  blade  of  iron  immene 
the  solution  became  covered  with  metallic  copper  (§  22). 
affinity  of  the  iron  for  the  nitric  acid  was  greater  than  t 
copper;  the  iron  therefore  combined  with  the  acid,  an 
copper  was  disengaged. 

To  ascertain,  therefore,  whether  air  be  of  an  deniaif 
compound  nature;,  we  must  subject  it  to  the  action  of  m 
the  most  powerful  agents;  and  observe  whether  thoyam  i 
abstract  any  portion  of  its  substance  to  the  ezduioii  of  a 
portion. 

*  Tobd's  JoBMSoir.    TUt  inntntkn  of  tba  word  fliwail.  •!■  1 
plaee  ev«B  in  the  sidnrimble  Mw  XMortwiy  ^AtSt^Otk 
Chailes  Rlohardson.    Hie  F^enoh  ladoflgraphm  have  lo^ 
praiMgiUe  emr  in  Uiis  mpeet. 
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§  415.  One  of  the  most  energetic  processes  with  which 
ire  are  fiamiliarly  acquainted,  is  that  of  combustion ;  and  common 
experience  ought  to  be  enough  to  convince  a  careful  observer 
tint  it  IS  dependent  upon  the  air.  A  simple  experiment  with 
the  air-pump  will  satisfy  any  one  that  it  is  essential  to  it ;  for 
m  burning  body  placed  under  the  receiver  will  be  extinguished 
b]r  the  exhaustion  of  the  air. 

Most  persons  are  also  aware  that  a  lighted  taper  will  be 
extinguished,  after  burning  a  short  time,  in  a  portion  of  air 
eonfined  in  a  bell-glass  standing  over  water.  If  a  more  accurate 
experiment  be  made  by  igniting  a  piece  of  another  combustible 
body,  phosphorus,  under  a  receiver  whose  edges  are  ground  so 
as  to  render  it  air-tight  when  standing  on  a  brass  plate,  it  will 
bam  for  some  time ;  white  flocks  of  a  new  species  of  matter  will 
bnn  in  the  air,  and  fall  upon  the  plate  like  snow,  and  it  will 
loon  be  extinguished.  Upon  opening  the  receiver  under  water, 
aiker  it  has  cooled  down  to  its  original  temperature  a  quantity  of 
water  will  rush  in  and  fill  one-fifth  part  of  the  capacity  of  the 
receiver.  The  quantity  of  air  consumed  will  never  exceed  or 
Ul  short  of  this  amount,  if  the  experiment  be  conducted  with 
sufficient  accuracy.  The  residual  four-fifths  of  the  air,  after 
wishing,  will,  upon  examination,  be  found  possessed  of  very 
different  properties  from  those  of  the  original  quantity. 

§416.  In  the  first  place  its  specific  gravity  will  be 
diflerent;  100  cubic  inches  at  mean  pressure  and  temperature, 
will  only  weigh  30.15  grains,  instead  of  31  grains:  in  the  second 
phoe,  it  will  not  support  combustion ;  phosphorus  in  a  state  of 
intnae  inflammation  will  be  instantly  extinguished  by  it :  and 
Ivdj,  it  will  not  support  life ;  insects,  or  other  small  animals,  will 
ioon  expire  if  confined  in  it.  It  is  a  singularly  inactive  substance 
>Bd  will  not  directly  combine  with  any  other  single  element ; 
Mo  under  the  influence  of  a  high  temperature.  It  may  be 
^Alabied  by  chemical  means  from  other  compounds ;  but  there 
■  none  preferable  to  the  simple  process  of  combustion  which 
^  have  just  described.  If  the  experiment  be  made  with  a 
Pnpcr  rq;ard  to  quantities,  it  will  be  found  that  the  weight  of 
Aviate  matter  formed  during  the  process  will  be  exactly  equal 
^  fte  weight  of  the  deficient  air,  added  to  the  weight  of  the 
oontnmed.  Thia^  then,  is  clearly  a  case  of  elective 
:  file  phosphonu  has  taken  a  something  from  the  air, 
^ihish  it  Imw  combined  and  produced  a  new  form  of  matter. 
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to  the  exclusion  of  another  portion  with  which  it 
unite. 

The  residual  air  is  one  of  our  chemical  elements;  i 
more  by  the  expression  than  that,  in  the  present  state 
art  is  incapable  of  resolving  it  into  more  simple  princ 
chemist  of  the  present  day  has  learnt  diffidence  from 
of  his  predecessors^  and  no  longer  affirms  that  the 
which  resist  his  powers  of  decomposition  are  the  rei 
of  nature ;  but^  on  the  contrary,  holds  it  as  extreme! 
that,  as  science  advances,  many  undecompounded 
may  be  resolved  into  simpler  forms  of  matter.  Till  e 
however,  shall  have  shown  this  to  be  possible,  it  is  n< 
to  the  principles  of  the  inductive  philosophy  to  con 
as  elementary. 

This  gaseous  body  is  sometimes  called  Azote^ 
noxious  influence  upon  life;  but  more  commonly 
from  its  entering  into  the  composition  of  nitre.  I 
distinguished  by  Professor  Rutherford  of  Edinburgh, 

§  417*  But  what  is  the  substance  which  has  ei 
combination  with  the  phosphorus,  and  which  con 
portion  of  the  original  air  under  examination  ?  To 
to  answer  this  question,  we  must  change  our  agent 
attraction  of  the  phosphorus  is  so  strong  as  to  rem 
difficult  to  detach  it  from  the  new  compound.  M 
substances  are  capable  of  effecting  the  separation  c 
some  with  the  evolution  of  light  and  heat,  others 
energetic  action.  Thus,  if  an  amalgam,  or  solution, 
mercury  be  agitated  with  a  portion  of  atmospheric  ai 
time,  exactly  the  same  proportion  of  the  mixture  will  b 
as  in  the  case  of  the  combustion  of  the  phosphoro 
residual  azote  will  be  very  pure.  If  a  portion  of  mer 
be  heated  to  nearly  its  boiling-point  in  air,  chemical 
tion  will  take  place  between  it  and  the  same  propc 
the  mercury  will  lose  its  metallic  character,  and  wi 
verted  into  a  brilliant,  red,  crystalline  substance,  inc 
weight  eight  per  cent. 

If  some  of  this  red  compound  be  placed  in  a  u 
the  beak  of  which  is  dipped  under  the  edge  of  a 
filled  with  water,  and  standing  upon  the  shelf  of  a 
trough,  and  it  be  then  exposed  to  a  low  red  Yimk^ 
decomposed;  gaseous  matter  will  rise  into  the  |^an  ai 
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^rater^  and  drops  of  metallic  mercury  will  be  condensed  in 
neck  of  the  apparatus.  One  hundred  and  eight  parts  by 
ht  will  yield  eight  parts  of  the  air ;  which  is  the  same  as  it 
abstracted  from  the  atmosphere  in  the  previous  process^  at 
Qcwhat  lower  degree  of  temperature. 

jike  the  azote  it  is  colourless  and  inodorous^  and  possesses 
he  mechanical  properties  of  common  air.  Its  specific 
ty,  however,  is  higher ;  100  cubic  inches  weighing  34.25 
js.     If  we  examine  it  by  means  of  combustible  bodies,  we 

find  that  it  supports  combustion  with  much  greater  energy 

common  air.  The  flame  of  a  taper  becomes  much  larger 
more  brilliant  when  burning  in  it ;  and  when  blown  out,  if 
smallest  spark  remain  upon  the  wick,  it  will  burst  into 
i  upon  being  immersed  into  it.     Phosphorus  bums  in  it 

a  brilliancy  which  is  quite  intolerable  to  the  efye,  and 
s  the  same  snow-white  compound  which  is  produced  by  its 
irivid  combustion  in  common  air.  Ignited  charcoal  also 
uces  most  brilliant  scintillations  when  introduced  into  it; 
if  we  attach  a  morsel  of  glowing  tinder  to  the  end  of  a 
fa  of  twisted  iron  wire,  and  plunge  it  into  a  jar  of  the  gas, 
aetal  will  combine  witii  it,  and  present  a  most  striking  and 
tiful  display  of  fire.  Other  metals,  such  as  potassium  and 
when  previously  heated,  also  enter  into  combination  with 
^,  with  a  copious  disengagement  of  light  and  heat. 
t  will  support  animal  life ;  and  animals  confined  in  it  will 
longer  than  in  an  equal  bulk  of  common  air.     Hence  it  has 

called  vital  air;  and,  for  reasons  which  will  be  hereafter 
lined,  oxygen  gas.  This  is  another  of  those  substances 
h  resist  the  divellent  force  of  affinity,  and  which  the 
list,  therefore,  regards  as  elementary.  It  was  discovered 
hr.  Priesdey,  in  the  year  1774,  who  obtained  it  from  the  red 
pound  of  mercury,  which  we  have  described,  and  which 
t  by  the  name  oi  precipitate  per  se. 

§  418.   This  gas   may  be   obtained    from   many   other 

ogous  compoimds,  such  as  red  lead ;  but  a  native  compound 

peculiar  metal,  named  manganese^  with  oxygen,  is  chiefly 

loyed  in  the  large  way  (102).     Certain  saline  bodies  also. 


|102)  The  apparatus  for  the  collection  of  oxygen  gas  from  per- 
e  of  manganese  and  chlorate  of  potassa  is  subjoined,  a  is  a 
r  bath,  upon  the  shelf  of  which  stand  the  two  air  jars,  u  and  a. 
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as  nitre  and  chlorate  of  potaua,  hold  oxygen  loosely  combine 
and  yield  it  in  abundance  vben  heated.  The  latter  nit 
chiefly  employed  when  it  is  required  to  be  perfectly  pure. 

§  419.  The  influence  of  heat  in  these  operations  is  voitl 
of  remark.  In  most  instances  we  find  that  a  considerable  eler 
tion  of  temperature,  in  some  even  to  incandescence,  is  neceav 
to  determine  the  combination  which  a  further  increase  of  lie 
is  sufiicient  to  decompose.  The  difference  arises  fi^m  tl 
unequal  exaltation  of  two  distinct  and  antagonist  forces, 
may  probably  be  laid  down  as  a  general  proposition,  that  Iw 
increases  the  energy  of  chemical  affinity ;  hut  it  also  inrreit 
the  elastic  force  of  gases.  Mercury  will  not  enter  into  cotab 
nation  with  oxygen,  to  form  the  red  precipitate,  till  the  pov 
of  attj'action  between  the  two  bodies  is  called  into  action  bf 
temperature  of  about  600^  Fahrenheit;  at  tliis  degree  tl 
affinity  is  strong  enough  to  coerce  the  elasticity  of  the  gas,  n 
it  enters  into  the  constitution  of  the  new  solid.  An  augmoit 
tion  of  temperature  to  about  900^  Fahrenheit,  restores  tl 
advantage  to  the  elastic  force,  and  the  gas  escapes  from  ti 
coercion  of  its  affinity  for  the  metal. 

$  420.  Let  us  now  examine  the  process  of  comfanitit 
a  little  more  closely.     Common  observation  su^ests  that  it 


c  represents  an  iron  gun>barrel,  dosed  at  the  bdttom,  and  fittd 
the  top  with  a  flexible  metallic  tube  to  pass  under  the  moutb  of  • 
of  the  jars.  The  oxide  of  manganese  is  placed  in  this  bam),  ■ 
exposed  to  a  red  heat. 


D  representa  a  retort  of  green  glassy  in  i^A 
cblomte  of  potasBa  is  placed,  and  the  heat  of  a  ||I 
lamp,  R,  is  sufficient  tot  the  diseneseemeDt  of  Ik  H 
fi«m  the  salt. 
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nothing  but  a  proceu  of  destruction ;  to  ordinary  eyes  the  com- 
boitifale  seems  to  vanish,  and  nothing  to  remain  but  an  incon- 
ndenble  quantity  of  what  are  called  luAea,  which  are  the  usual 
rendue  of  baming  bodies.  Annihilation  enters  into  the  common 
idn  of  combustion ;  and  to  say  that  a  body  ia  burnt,  is  generally 
I  full,  satisfactory,  and  sufficient  account  of  its  disposal.  But 
Mch  destruction  is  unknown  in  the  economy  of  nature ;  and  we 
hne  no  reason  to  suppose  that  since  the  fiat  of  the  Creator 
wtnt  forth,  a  particle  of  matter  has  ever  ceased  to  be.  Com- 
kitiun,  in  the  largest  and  most  scientific  meaning  of  the  term, 
iithe  combination  of  any  two  dissimilar  bodies  with  the  extrica- 
tion of  light  and  heat ;  and  the  products  of  combuation  invariably 
contain  as  much  ponderable  matter  as  the  two  active  substances. 
IV  new  forms  of  matter  produced  often  assume  the  aeriform 
condition,  and  pass  off  in  an  invisible  state,  and  therefore 
ttopc  common  observation :  but  when  collected,  nothing  of  tlie 
origintl  weight  will  be  found  wanting. 

Hence  we  conclude  that  fire  cannot  be  an  element,  or  one  of 
tbc  litnple  forms  of  ponderable  substances. 

He  term  combustion  is  ordinarily  restricted  to  the  combi- 
Tadonof  substances  with  oxygen:  and  bodies  are  denominated 
tMhMtiMet  which  are  capable  of  uniting  mth  the  oxygen  of 
Ibe  atmosphere,  with  the  evolution  of  light  and  heat. 

§  431.  The  products  of  combustion  in  oxygen,  or  the 
CBBponnds  of  oxygen,  constitute  three  great  classes  of  acids, 
ARtM,  and  netttrat  baseM,  which  it  is  important  to  distinguish; 
■d  which  may  be  illustrated  by  the  results  of  the  experiments 
*Uc}i  we  have  already  described. 

"nw  snow-white  compound  of  phosphorus  is  soluble  in  water, 
'  tour,  and  changes  the  colour  of  blue  vegetables  to  red: 
whidi  distinguish  the  class  of  acids.  It  was  formerly 
■(ip(Med>  from  a  too>hasty  generalization  of  &cts,  that  oxygen 
ntntd  into  Uie  constitution  of  all  acids;  that  it  was,  in  short, 
"^v  ininciple  of  acidification;  and  hence,  Lavoisier,  the  pro- 
F>i<iiulcr  of  the  hj-potheaia,  conferred  upon  it  its  name,  lAich 
Unifies  the  generator  of  acids.  The  error  haa  been  corrected, 
*•«  the  name  retained. 

1^1;  compound  erf  the  metal  potuaium  and  oxygen  ia  alao 
■oioble  in  water,  poaeuM  •  hol^  acrid,  bitter,  soapy  taat^  and 
^uges  the  colour  of  bins  vegjctables  to  green,  and  yeUmr  to 
Wn,    These  are  As  ehmcten  (rf  the  ehua  of  alkaliea. 
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Acids  aiid  alkalies  are  also  reciprocally  charac 
entering  into  secondary  combination  \%ath  each  othe 
tlieir  more  active  properties  are  neutralized.  If  a  sol 
acid  in  water^  which  has  been  reddened  with  some 
blue  colouring  matter^  be  carefully  poured  into  a  sol 
alkali  rendered  green  by  the  same  colour^  at  a  parti 
the  mixture  w^ill  have  its  blue  colour  restored,  whe: 
found  to  be  neither  acid  nor  alkaline  to  the  taste, 
water  be  evaporated,  a  solid  mass  vnH  be  obtained,  p 
cooling  saline  taste,  and  presenting  a  species  of  mat 
differing  from  its  two  more  active  ingredients. 

The  product  of  the  combustion  of  iron  is  of  a  frial 
insoluble  in  water,  tasteless,  and  without  action  upoT 
colours.  Tliese  negative  characters  distinguish  thi 
neutral  bases;  which,  however,  are  mostly  capable 
alkalies,  of  neutralizing  and  entering  into  combin 
acids,  and  forming  salts  with  them. 

§  422.  The  process  of  pulling  a  substance  to 
unloosing  the  connexion  of  its  constituent  parts,  ir 
examine  it  piecemeal,  as  we  have  performed  it  upon  at 
air,  is  called  analysis.  The  process  oi  putting  togethei 
same  ingredients,  so  as  to  reproduce  the  body  analyze< 
synthesis;  and  when  one  of  these  processes  confirms 
the  proof  of  tlie  constitution  of  the  body  is  the  < 
which  chemistry  can  afford,  and  wants  nothing  of  th< 
of  mathematical  demonstration.  Tlie  science,  howe\ 
far  from  ha\nng  attained  to  this  degree  of  perfectioi 
cases  where  it  would  be  most  desirable. 

§  423.  If  we  add  one  measure  of  oxygen  gi 
equal  measures  of  nitrogen,  we  shall  obtiun  a  mixtui 
of  supporting  combustion,  and  maintaining  animal 
same  perfect  manner  as  atmospheric  air.  The  unii 
two  is  effected,  not  by  the  force  of  chemical  affinity,  I 
of  heterogeneous  adhesion,  concurring  with  the  elaa 
self-repulsion  of  the  homogeneous  particles.  We  ] 
that  there  is  no  limit  to  such  combinationB  (§  98),  and 
the  inyariable  uniformity  of  the  atmospheric  miztiiTB 
the  most  astonishing  &cts  with  which  chemistKy  has 
acquainted. 

Air  has  been  examined,  as  has  been  already  statM 
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by  the  most  expert  analysts^  from  the  most  dissimilar  situations 

vUch  it  has  been  possible  to  select^  and  no  variation  has  been 

found  in  the  proportions  of  its  fundamental  ingredients.    When 

we  consider  the  processes  of  deterioration  and  change  Avhich  are 

always  going   on   witliin   it^    its    perpetual   consumption   and 

icnewal  forms  one  of  the  greatest  wonders^  where  all^  indeed^  is 

admirable.     All  the  most  active  properties  of  the  atmosphere 

are  referrible  to  the  oxygen  which  it  contains,  and  arc  those  of 

that  body  diluted.     Without  oxygen  no  animal  could  live;  in 

pure  oxygen  they  would  live^  if  the  expression  may  ])e  allowed, 

too  rapidly:  just  as  a  candle  would  burn  too  rapidly;  and  as 

e\'ery  case  of  combustion  would  be  one  of  conflagration,  all  the 

vital  functions  would  be  increased  to  a  morbid  excess,  and  fever 

lod  death  would  ensue. 

^  424.  Had  it  been  ordained  that  the  union  of  oxygen 
and  nitrogen  in  the  atmosphere  should  depend  upon  the  higher 
attraction  of  chemical  affinity,  it  is  easy  to  perceive  that  the 
present  beneficial  results  could  not  have  ensued.  The  divellent 
force  must  have  been  proportionately  increased,  and  the  tranquil 
process  of  breathing  must  have  been  ciianged  for  one  of  Ado- 
knee  and  strong  exertion.  The  new  and  noxious  products  of 
the  fixed  combinations  of  the  elements  would  have  accumulated 
uoundthe  spots  frequented  by  animals,  instead  of  being  endued, 
as  it  were,  with  a  power  of  locomotion,  and  diffused  with 
npidity  throughout  the  general  mass,  and  re])laced  by  fresh 
vital  air,  according  to  the  laws  which  we  formerly  examined 
» 100). 

f  425.  But  we  must  not  yet  part  from  this  wonderfully- 
cnntitiited  fluid :  our  process  of  analysis  is  not  complete,  and 
%  ajnthesis  has  produced  an  atmosphere,  indeed,  which  would 
■ner  the  purposes  of  animal  respiration,  but  vegetables  would 
MihriTe  under  its  influence.  Vegetable  respiration  could  not 
k  maintained  by  it.  We  must  seek  further  for  some  principle 
vUdi  has  yet  escaped  our  detection. 

Common  experience  has  made  most  persons  acquainted  with 
'■M:  it  ia  an  alkaline  substance^  and  partially  soluble  in  water. 
^  tohtion  is  colourless,  transparent,  possesses  a  hot,  bitter 
^*^  and  toma  the  yellow  colour  of  turmeric  brown.  When 
^lohtion  18  exposed  to  the  air,  it  slowly  becomes  turbid;  its 
iwupeities  are  nentraliaed,  and  it  deposits  a  white 
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powder.  Reasoning  from  the  analogy  of  what  we  already 
of  alkaline  and  acid  bodies,  we  are  led  at  once  to  supposf 
the  lime  in  this  process  has  abstracted  something  froi 
atmosphere  of  an  acid  natm^ ;  and  that  the  white  powder 
product  of  the  combination.  If  we  collect  a  sufficient  qui 
and  place  it  in  a  platinum  tube  closed  at  one  end,  and  bei 
the  form  of  a  retort,  and  apply  a  strong  heat,  we  may  coi 
quantity  of  gaseous  matter  from  it  over  mercury,  and  il 
lime  will  remain  in  the  tube.  Or,  instead  of  decomposii 
compound  by  heat,  we  may  effect  its  decomposition  by  d 
affinity ;  and  upon  the  supposition  of  its  containing  an  aci 
addition  of  a  stronger  acid  will  occasion  an  effervescenc 
product  of  which  may  be  collected. 

§  42G.  Now,  what  is  this  gaseous  matter  which  wc 
again  abstracted  from  the  atmosphere  ?  and  does  it  differ 
those  already  obtained  ?  If  we  examine  it,  like  the  othei 
shall  find  that  it  will  not  support  the  combustion  of  a  tap 
of  phosphorus,  and  that  it  is  histantly  destructive  of  animi 
Tliat  it  is  not,  however,  azote,  is  proved  by  its  hi^  s] 
gravity;  for  100  cubic  inches  will  weigh  about  47-82  g) 
and  it  may  be  poured  like  water  from  one  vessel  into  an 
in  which  it  will  displace  the  common  air  by  its  density 
moreover,  neutralizes  the  alkaline  properties  of  lime,  re 
the  blue  colour  of  litmus,  and  renders  lime-water  ins: 
turbid. 

It  is  also  soluble  in  water,  which  will  take  up  its  own  vi 
of  the  gas,  whatever  may  be  the  pressure  under  which  th 
brought  together.  Thus  a  grateful  effervescing  beverage  i 
commonly  formed  by  condensing  carbonic  acid  into  wal 
means  of  a  forcing  pump.  When  the  pressure  is  rdien 
gas  only  gradually  makes  its  escape. 

§  427<  The  next  question  is^  can  this  gas  be  m 
into  any  simpler  form  of  matter  ?  To  ascertain  thui  we 
try  the  action  of  enei^tic  substances,  amongst  which  polu 
ranks  very  high.  If  we  heat  a  dean  piece  of  thia  meld 
introduce  it  into  a  jar  of  the  gas,  we  shall  find  lliat  it  irffl 
in  it,  and  at  the  same  time  become  covered  with  a  hlaok  m 
which  a  dose  examination  will  prove  to  be  chmvodL  31n 
duct  of  the  combustion  will  be  the  same  ■^^^y^  Wfkt 
which  was  produced  by  the  action  of  the 
oxygen,  or  atmospheric  air. 
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Prom  the  results  of  these  analytical  experiments^  we  con- 

chide  that,  in  addition  to  nitrogen  and  oxygen,  atmospheric  air 

eontains  a  small  portion  of  a  third  gaseous  body,  which  is  a 

compound  of  charcoal  and  oxygen:  and  we  may  confirm  our 

oonclasion  by  synthesis ;  for  if  we  examine  the  product  of  the 

combustion  of  charcoal  in  oxygen,  we  shall  find  it  to  be   a 

eolourless  gas  which   neutralizes  lime-water,   and   produces   a 

precipitate  which  dissolves  with  eifer\'escence  in  vinegar,  or  any 

odier  acid. 

Tliis  compound  was  discovered  by  Dr.  Black,  in  1757*  who 
railed  \t  fixed  air,  from  its  being  fixed  in  limestone  from  which 
he  first  obtained  it.  It  has  since  been  called  carbonic  acid^ 
from  the  Latin  name  for  charcoal.  It«  remarkable  physical 
properties,  both  in  the  liquid  and  solid  state,  we  have  already 
examined  (§  205). 

§  428.  Charcoal,  or  carbon,  ranks  amongst  the  unde- 
compounded  bodies.  Although  but  rarely  met  with  piure  and 
ancombined,  its  various  compounds  are  more  generally  and 
ibondantly  distributed  than  tliose  of  any  other  substance,  and 
it  may  be  said  to  form  the  basis  of  the  whole  organic  creation. 
hi  its  pure,  crj-stalline  state,  its  cohesion  is  very  great,  and  it 
oonstitates  tlie  hardest  substance  in  nature,  the  diamond.  This 
valuable  gem  is  chiefly  found  in  the  province  of  Golconda,  in 
India,  and  in  Brazil.  It  occurs  in  alluvial  soils,  and  is  generally 
pnfecdy  transparent,  but  sometimes  coloured  with  different 
ihidea  of  pink,  bine  and  black.  It  crystallizes  in  the  form  of 
tbe  regular  octohedron,  and  other  forms  of  the  tessular  system. 
Iti  specific  gravity  is  3.5.  Carbon  exists  in  various  gradations 
Ivtireeii  this  state  and  that  of  a  soft,  disintegrated,  black 
Verier,  which  adheres  to  and  stains  the  fingers.  It  exem- 
fiifitt  the  opposition  which  the  force  of  cohesion  is  capable  of 
^ftring  to  chemical  affinity;  for  in  its  disintegrated  state  it 
iVidilyldndles  and  boms  in  oxygen,  and  is  commonly  employed 
*  tmier  for  catching  a  light  from  ignited  particles  of  steel ; 
v^mu^  in  the  state  of  diamond,  it  requires,  to  ignite  it  and 
^Sciently  to  exalt  its  affinity  to  enable  it  to  bum,  the  tempe- 
rature of  melting  Mlver. 

Tlie  ue  of  charcoal^  as  a  fuel,  is  well  known.  For  this  pur- 
1^  it  18  pfepaied  by  forming  billets  of  wood  into  conical  piles^ 
^'^Uiybefaig  covered  mth  earthy  are  ignited  and  suffiered  to 
"^irifli  a  regulated  aooeas  of  air,  by  which  the  more  volatile 
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ingredients  are  burnt  and  driven  off^  whilst  the  solid  chai 
remains.  For  nicer  piirposes  of  the  arts,  it  is  procured  by 
mitting  the  wood  to  a  red  heat  in  a  distillatory  apparatus 
sisting  of  iron  cylinders,  from  which  the  gaseous  or  vd 
matters  are  allowed  to  escape  through  properly-arranged  ta 
Charcoal  is  a  black,  inodorous,  insipid,  brittle  subst 
and,  as  we  have  already  seen,  an  excellent  conductor  of  ek 
city.  It  undergoes  no  change  from  the  combined  action  o 
and  moisture  at  common  temperature,  but  is  readily  combos 
in  oxygen  gas. 

§  429.  Carbonic  acid  is  produced  by  tlie  respiratio 
animals,  as  may  be  proved  by  passing  the  air  from  the  1 
through  lime-water,  which  ^-ill  be  instantly  precipitated  h 
and  by  the  extinction  of  a  taper  in  a  jar  of  air  which  has  1 
breathed  tAVO  or  three  times  through  a  tube  properly  disp 
for  the  purpose. 

Vegetables,  on  the  other  hand,  in  full  vigour,  decern 
the  compound,  absorb  the  charcoal,  and  disengage  the  oxy 
and  a  sprig  or  two  of  fresh  mint,  in  day-light,  will  perfi 
restore  air  which  has  been  contaminated  by  animal  respin] 
We  here  have  indicated  to  us  a  part,  at  least,  of  the  com; 
sating  means  by  which  the  atmosphere  is  kept  in  a  perfect! 
of  adaptation  to  its  beneficial  purposes. 

^  430.  There  is  yet  another  constituent  of  theatmosp 
which  is  always  present  in  variable  proportions,  and  thi 
water  in  the  state  of  vapour;  and  it  may  always  be  rend 
visible,  and  its  quantity  estimated,  by  the  refrigeration  of  a 
body,  as  we  have  already  pointed  out  (§  197)*  This  ingied 
of  the  mixture  is  alike  beneficial  to  animal  and  v^etaUe 
and  liidthout  it  the  surface  of  the  earth  would  present  nod 
but  the  sterile  aridity  of  a  desert. 

Both  the  carbonic  acid  and  the  vapour  are  variaUe  iii| 
dients,  but  the  average  quantities  of  each,  in  1000  partly  mq 
approximatively  stated  as  follows: — 


Axote 

.    788 

Oxygen 

197 

Steam 

.      14 

Carbonic  acid 

1 

lOOD 
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§  431.  Thus^  then,  we  have  demolished  the  pretensions 
(f  our  first  classical  element,  air,  to  rank  amongst  the  "  first 
fr  constituent  principles  of  things,"  and  have  established  three 
!bemical  elements  in  its  stead;  namely,  azote,  oxygen,  and 
vbon.  The  two  first  have  never  yet  had  their  particles 
jTOUght  within  the  verge  of  cohesive  attraction,  and  have 
[tnsted  all  attempts  to  liquefy  them;  while  the  utmost  powers 
rfheat  have  been  applied  in  vain  to  destroy  the  cohesion  of  the 
kit,  or  to  bring  it  into  the  state  of  vapour* 

Amongst  the  ingredients  of  the  atmosphere,  we  have  also 
band  a  second  classical  element,  water,  into  the  pretensions 
of  which  to  the  elementary  character  we  must  next  proceed  to 
inquire. 

§  432.  We  must  attempt  its  analysis  by  the  means  which 
we  have  already  applied  successfully  in  similar  cases.  If  we 
throw  a  piece  of  the  metal  potassium  upon  M'ater,  it  will  float 
vponit:  intense  action  \iill  take  place;  a  flame  will  burst  forth 
from  the  point  of  contact,  and  the  metal  will  disappear.  After 
this  operation  we  shall  find  that  the  water  has  become  strongly 
lUnline,  and  upon  evaporation  we  shall  obtain  a  white  solid, 
cactly  similar  to  that  which  was  obtained  by  burning  potassium 
IB  common  air  or  oxygen.  We  infer,  then,  that  the  metal  has 
Uen  oxygen  from  the  water,  and  that  the  compound  has  been 
fnolved  as  it  was  formed.  But  if  so,  what  is  the  substance 
vith  which  the  oxygen  was  combined?  To  determine  this,  we 
■mt  operate  more  carefully,  that  nothing  may  escape  in  the 
ckitic  form;  and,  as  the  action  is  violent,  we  must  proceed 
vUi  caution.  For  this  purpose  we  may  fill  a  strong  narrow 
(^ijirwith  water,  and  invert  it  upon  the  water-trough,  and 
snipping  a  piece  of  potassium  closely  in  paper,  or  placing  it  in 
^■nall  glass  tube  closed  at  one  end  and  carefully  covering  it 
viAfine  sand,  slip  it  dexterously  under  the  edge  of  the  jar. 
Ik  metal  is  momentarily  protected  from  the  water,  which, 
konvei,  soon  reaches  it;  a  smart  concussion  takes  place,  and  a 
^pni6tf  of  gaaeous  matter  rises  to  the  top  of  the  jar.  Upon 
*nneinig  the  jar,  and  presenting  a  lighted  taper  to  the  gas,  we 
<<k&  find  that  it  will  bum  with  flame;  that  is,  that  it  will  enter 
M  oomlriiiBtion  with  the  oxygen  of  the  air,  with  the  extri- 
ttti  of  light  and  heat. 

^    |438.  Thk  deoompontion  of  water  may  be  accompliahed 


.  V 
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by  less  costly  means  than  potassium,  making  use  of  the  elective 
affinity  of  more  common  metals  for  oicygen. 

Iron  may  be  employed  for  the  purpose;  but  it  will  be 
necessary  to  exalt  its  affinity  by  heat.  For  this  purpose,  turn- 
ings of  iron  may  be  put  into  a  gun-barrel  placed  across  a  furDice, 
one  end  of  which  is  connected  with  a  small  water-boiler,  and 
the  other  with  a  bent  tube  passing  under  the  edge  of  a  jar  upon 
the  pneumatic  trough.  Upon  heating  the  iron  to  redness,  lad 
allowing  the  steam  of  boiling  water  to  pass  over  it,  abundance 
of  inflammable  air  may  be  collected;  and  the  same  compound 
which  is  formed  by  the  combustion  of  iron  wire  in  oxygen  mq 
be  extracted  from  the  barrel  (103). 

§  434.  The  affinity  of  zinc  may  also  be  had  recourse  to, 
and  that  at  ordinary  temperatures.  But  for  this  purpose  it  ii 
necessary  to  remove  the  compound  of  the  zinc  and  oxygen  u  it 
forms,  which  would  otherwise  incrust  the  surfietce,  and  patM 
end  to  the  process.  This  oxide  is  not  soluble  in  water,  lib 
the  similar  compound  of  potassiimi;  but  by  the  addition  of  a 
little  sulphuric  acid,  or  oil  of  vitriol,  it  will  form  a  secondiiy 
compound,  which  will  instantly  be  dissolved.  Large  quantitki 
of  inflammable  air  may  thus  be  readily  and  economiiaBf 
procured. 

The  compound  of  oxygen  and  zinc,  again,  may  be  aepanlsd 


(103)  a  represents  a  glass  retort  containing  a  little  water,  wUii 
may  be  raised  in  steam  by  the  application  of  a  lamp.  The  steam  ttea 
traverses  the  tube,  c  c,  in  which  is  placed  some  iron  wire  hxaJoA  Ii 
redness  by  the  furnace,  b  6.  The  iron  combines  with  the  OKjpa  ' 
the  water,  and  the  inflammable  gas  passes  into  the  worm,  i  d^  iMb 
is  kept  cool  by  the  water  in  the  tub.  liere  any  unoombined  l 
mth  which  it  may  be  mixed,  is  condensed,  and  the  water  drop  ii 
the  vessel,  c,  pla<^  for  its  reception.  The  gas  ultimately  pasHi  i 
of  the  pipe,y|  and  may  be  burned  or  collected  in  the  usual  way. 


ff 
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Dm  the  Bcid  by  electiTe  affinitf;  for  the  addition  of  some  of 
KiUuUne  solution  of  the  compound  of  potMsimn  and  oxygen 
illftbstract  the  acid  and  precipitate  the  oxide  (104). 

435.  The  inflammable  air,  which  has  been  named 
Ifbtpn  because  it  entera  into  the  comtitution  of  water,  bums, 
■  *e  have  seen,  in  common  ur,  but  extinguishes  flame,  as  may 
■a  ucertained  by  plunging  a  lighted  taper  into  it.  When  a 
iittan  is  made  of  two  parts  of  common  air  and  one  of  hydro- 
fn,  or  of  two  parts  of  hydn^n  with  one  of  oxygen,  the  com- 
siMtton,  which  proceeds  silently  when  a  moderate  jet  of  the 
iduned  gas  issues  quietly  into  the  atmosphere,  takes  place  at 
■ce  throughout  the  mass  with  a  strong  detonation,  owing  to 
itt  mutual  percussion  of  the  particles  of  the  highly-expanded 
■r  returning  into  the  vacuum  which  is  produced.  When  the 
BXture  is  merely  confined  by  a  film  of  water  in  a  soap-bubble, 
le  explosion  is  sharp  and  deafening  ($  8). 

J  436.  If  a  current  of  hydrogen  be  inflamed  when  issuing 
hm  a  small  aperture,  and  a  tube  to  be  held  over  the  flame,  a 
BMHcal  tone  will  be  produced,  varying  in  its  pitdi  with  the 
Ingth  of  the  tube.  These  sounds  depend  upon  a  series  of 
little  explosions  which  succeed  one  another  with  sufficient 
Rpilarity  and  rapidity  to  produce  a  continuous  sound  (^  52), 
Bftbe  strong  draught  which  takes  place  through  the  axu  of 


(104)  This  figure  represents  a  convenieiit  apparatus  for  the  gene- 
Hhb  of  hydrogen  gaa  in  small  qoantitiea  from  sine,  a  is  a  funael- 
di^  glass  Teasel,  the  loweiextreroity  of  which 
^1  ioto  the  dilute  sulphuric  acid  contained  in 
^kttle,  b.  A  bent  tube  proceeds  from  the 
ajlveiid  of  the  bottle,  which  is  furnished  with 
■Ka^^odc  at  d,  and  terminates  in  a  narrow  jet. 
"'^  the  aperture  c,  which  may  be  closed  with 
apoimj  itopper,  a  piece  of  sine  is  suspended 
*  Ibe  scid,  and  the  hydrogen  which  ii  disen- 
Pfi  rises  to  the  top  of  the  bottle,  and  forces 
^hqoid  into  the  apper  vessel,  the  preunre  of 
^^eh  irill  drive  the  inflammable  gas  through 
"i*  pipe  d,  whenever  the  stop-«ock  is  opened. 
^  the  gas  passes  out,  the  liquid  will  descend 
'Stia  into  the  bottle,  and  renew  the  disengage- 
'''nt  of  the  gas;  and  the  proce«  will  go  on  till 
''^■ddhoooniessatnrated  with  the  oxide  of  sine. 
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the  tube,  the  air  and  the  hydrogen  are  made  to  form  pi 
of  explosive  mixtures,  which  are  fired  by  the  contiguoiu 
ing  parts.  Sometimes  the  draught  becomes  so  strong 
blow  out  the  flame. 

§  437.  We  are  so  habituated  to  speak  of  the  pro 
combustion,  \vith  reference  to  our  atmosphere,  and  tc 
bodies  combustible  which  enter  into  combination  w 
oxygen,  that  a  prejudice  is  likely  to  arise  from  it  with 
to  tlie  classification  of  objects.  We  constantly  see  a  sti 
hydrogen  burning  in  common  air,  and  we  call  the  first 
bustible;  and  the  second,  a  supporter  of  combustion;  1 
throwing  a  jet  of  oxygen  into  an  atmosphere  of  hydrog( 
tained  in  a  large  bell-jar,  through  an  aperture  at  its  upp 
when  the  latter  is  burning,  the  flame  will  be  carried  do? 
the  body  of  the  jar,  and  the  oxygen  will  continue  to  bum 
hydrogen  as  it  issues  from  the  jet.  In  this  case  the  oxjrgi 
be  said  to  be  the  combustible,  and  the  hydrogen  the  sup 
The  simple  statement  of  the  fact  in  both  cases  is,  that  < 
and  hydrogen  combine  together,  and  combustion — ^that 
disengagement  of  light  and  heat — is  the  consequence. 

§  438.  Hydrogen  gas  is  speedily  fatal  to  animal  lif 
taken  pure  into  the  lungs,  but  may  be  respired  when 
with  common  air,  without  much  injury:  it  is  the  lightes 
of  ponderable  matter,  and  100  cubic  inches  only  wcigl 
grains.  Hence  its  application  to  aerostation.  A  Uiin  bl 
or  soap-bubble,  filled  with  it  rises  in  the  air  with  rapiA 
the  same  reason  that  a  cork  rises  through  water.  A  I 
formed  of  a  sphere  of  ten  feet  diameter  would  contun 
32  j  lbs.  of  atmospheric  air,  but  the  same  bulk  of  hydrogea 
only  weigh  two  pounds;  hence,  with  an  ascensional  faree 
pounds  and  a  half,  it  would  rise  in  the  air  with  a  wvi 
twenty-eight  pounds  attached  to  it.  Its  levity  may  d 
shewn  by  reversing  the  process  by  which  we  proved  tin 
weight  of  carbonic  acid  (§  426)  vix.^  by  diflpUdng  the  ei 
air  from  an  inverted  jar  by  upward  decantation. 

Hydrogen  must  be  deem^  an  element,  because  it  iMi! 
all  attempts  to  decompose  it:  no  degree  of  odd  Q^'l^ 
has  yet  been  found  sufficient  to  reduce  it  to  die 
Its  combustibility  was  known  in  the  begimiing  of 
century,  when  it  was  often  exhibited  as  » 
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and  properties  were  first  properly  inyestigated  by  Mr. 
iish,  in  1776. 

§  439.  Synthesis  will  confirm  this  analysis  of  water;  for 
Lrefiilly  collect  the  product  of  the  combustion  of  hydrogen 
ygen  gases^  we  shall  find  the  water  in  weight  exactly 
>  that  of  the  gases  consumed.  The  experiment  requires 
mtion^  on  account  of  the  violence  of  the  action,  but  may 
y  performed  in  the  following  manner. — Provide  a  very 
glass  tube,  closed  at  one  end,  and  fitted  at  the  other  with 
cap  and  stop-cock,  strongly  fixed  with  cement  (105);  two 
oles  must  be  drilled  in  the  upper  part  of  this  tube,  into 
lich  two  wires  must  be  cemented,  the  points  of  which 
touch  on  the  inside.  Let  a  mixture  of  very  pure  oxygen 
dn^n  gases  be  very  accurately  made,  in  the  proportion 
rolimiie  of  the  former  to  the  two  of  the  latter,  in  a  jar  fitted 
itop-cock,  to  which  the  cock  of  the  tube  may  )>e  screwed; 
the  air  from  the  tube,  by  means  of  the  air-pump;  fill  it 
le  mixture,  and  again  exhaust  it;  and  once  more  fill  it 
e  mixture,  and  carefully  close  the  stop- 
Miss  an  electric  spark  between  [the  wires, 
e  gases  in  the  tube  will  explode  with  a 
flash,  but  silently,  on  account  of  the 
ion  with  the  surrounding  air  being  cut 
llow  the  tube  to  cool,  and,  upon  opening 
ks,  a  fresh  portion  of  the  gases  will  rush 
;h  will  be  equal  to  the  first  quantity,  pro- 
the  mixture  has  been  accurately  made, 
s  common  air  perfectly  extracted.     This 


S)  A  is  a  strong  glass  vessel,  fitted  with  a  glass 
accurately  ground.  At  the  upper  end  it  is 
1  with  a  glass  stopper,  firmly  screwed  down, 
ired  by  the  brass  collar  and  screws,  c.  Two 
n  wires  d  d  pass  through  this  glass  cock, 
proaeh  one  another  in  the  interior,  without 
^.  This  vessel  may  be  exhausted  by  the  air- 
nd  screwed  upon  the  bell-glass,  b,  filled  with 
ler  mixture  of  oxygen  and  hydrogen.  When 
iMjBEj  are  opened,  the  air  in  the  jar  will,  of 
rush  into  the  vacuum  in  a,  and  then,  after 
r  closing  the  stop-cocks,  an  electrical  spark 
passed  between  the  wires,  and  the  gases 
lUne  with  a  vivid  flash  of  Ught. 

y2 


324  AIR  AND  WATER. 

portion  again  may  be  detonated,  and  the  process  continued  tiD 
a  strong  dew  forms  upon  the  glass,  and  runs  down  in  drops  of 
liquid,  which,  upon  examination,  will  prove  to  be  pure  water. 
The  products  of  the  combustion  of  hydrogen  in  atmospheric 
air  may  also  be  collected  in  large  quantities  by  a  proper 
refrigerator. 

§  440.  We  have  already  adverted  to  the  great  heat  whiek 
is  generated  by  the  combustion  of  oxygen  and  hydrogen;  itii 
the  most  intense  which  art  can  produce.  If  a  compound  jet  be 
constructed  of  two  concentric  tubes,  and  the  outer  one  be  con- 
nected with  a  reservoir  of  hydrogen,  and  the  current  inflamed, 
and  a  stream  of  oxygen  be  thrown  into  the  flame,  by  means  d 
the  interior  tube  connected  with  a  reservoir  of  oxygen,  the  iMt 
may  be  conveniently  applied  to  the  fusion  of  the  most  refractorf 
substances;  and  there  is,  probably,  nothing  which  can  compktelj 
resist  its  power. 

§  441.  Such  are  the  experiments  by  which  the  opmioB 
of  the  ancients  was  upset,  that  water  is  one  of  the  four  dementi 
of  the  material  world,  an  opinion  which  remained  unquestumeil 
firom  the  time  of  Aristotle  to  that  of  Cavendish. 

§  442.  It  is  ciuious  to  remark,  that  although  air  anl 
water  are  not  elementary  forms  of  matter,  according  to  the  gneN 
of  the  ancient  Greek  philosophers,  the  four  simple  substaneei 
of  which  they  are  composed  form  alone,  by  their  different 
combinations,  the  structure  of  all  the  most  important  ni 
familiar  substances  which  minister  to  our  necessities. 

They  constitute  some   of  the    most   powerful   acids  vi 
alkalies,  and  many  of  our  most  useful  salts. — All  the  varietieiflf 
flame,  and  the  means  of  artificial  illumination, — all  the  fannd 
fuel,  wood,  coal,  oil,  &c., — ^many  of  our  most  oaeful  medidiM^ 
as  well  as  some  of  the  most  deadly  poisons^ — all  oar  artideiif 
vegetable  food, — flour,  starch,  sugar,  wine^  beer^  ftCi,  and  d 
animal  food, — jelly,  meat,  oils,  fiat,  &c.,  are  oonfltmcted  wHf 
of  carbon,  oxygen,  hydrogen,  and  nitrogen.    They  form  die  bA 
in  short,  of  the  whole  animal  and  vegetable  creation,  at  wA^; 
of  a  vast  variety  of  inorganic  substances;  and  the  atnuMfM' 
in  which  they  are  all  included  appears  to  be  the  grand  ft^ 
house  of  the  raw  materials  from  which  all  these  wmdedU  111= 
varied  producti  are  derived,  and  to  which  they  all 
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§  443.  It  isy  however^  the  chemistry  of  nature  alone 
rhich  can  put  these  elements  together  in  their  more  compli- 
ated  forms;  the  products  of  animal  and  vegetable  structure  defy, 
s  yety  the  synthetic  powers  of  our  art.  We  can  form  many 
ncffganic  compoimds,  and  we  can  often  change  one  organic 
ompoimd  into  another,  but  to  build  up  a  particle  of  sugar,  or 
i  wood,  or  a  piece  of  flesh,  simple  as  we  can  prove  their  com- 
ttdtion  to  be  by  analysis,  is  beyond  our  power. 

The  examination  to  which  we  will  now  proceed  of  the  laws 
f  cbemical  composition  and  decomposition  must  be  conducted 
litfi  the  strictest  reference  to  quantity,  determined  both  by 
nif^t  and  by  measure.  The  ultimate  aim  of  chemistry,  as  of 
D  other  branches  of  natural  philosophy,  is  to  ascertain  its 
puitities  with  precision,  and  bring  them  under  the  dominion 
€  the  mathematics.  It  is,  in  fact,  by  a  species  of  Algebra, 
kit  we  so  deal  with  known  quantities  as  to  extract  from 
bem  the  value  of  unknown  quantities.  The  results  of  our 
aialyses  lead  us  to  a  kind  of  material  equations  which  are 
■pable  of  expression  by  numbers  and  other  symbols. 

Every  advance  we  make  proves  more  and  more  conclusively, 
kt  the  material  universe  is  constituted  by  measure  and  by 
idg^t;  and,  overwhelming  as  are  the  proofs  of  design  and 
lisdom  in  every  department  of  nature,  the  absurdity  of  a 
■rtoitous  concurrence  of  atoms  can  never  be  more  apparent 
hm  in  contemplating,  as  we  are  now  about  to  do,  the  laws  of 
he  composition  of  matter. 


FUNDAMENTAL  LAWS  OF  COMPOSITION. 

i  444.  The  limits  within  which  the  action  of  chemical 
Aiity  is  restricted  are  much  narrower  than  those  of  the  mere 
Ibee  of  adhesion,  and  both  the  primary  and  secondary  com- 
kintion  of  bodies  take  place  in  a  few  definite,  fixed,  and  unal- 
Inble  proportions.  We  may  form  chemical  mixtures  of  two 
V  more  bodies  in  the  fluid  state,  in  every  conceivable  pro- 
fortion;  and  solutions  may  be  efiected,  of  solids  and  gases  in 
Sfiids,  in  every  proportion  within  the  limits  of  saturation;  but 
^  compounds  of  any  two  chemical  elements,  or  any  two 
diQmcal  compounds,  are  very  few,  and  never  vary  in  their 
^^odfic  proportions.    The  results  of  solution,  moreover,  alter 
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with  every  change  of  temperature^  but  the  results  of  composition 
are  wholly  una£fected  by  similar  variations. 

§  445.   To  illustrate  this  by  familiar  instances;  let  us 
take  the  primary  combination  of  carbon  and  oxygen,  and  die 
secondary  combination  of  this  compound^  or  carbonic  acid,  vitk 
lime.    We  have  already  described  the  combustion  of  this  elemenl 
in  oxygen  (§  427);  and  if  the  experiment  be  conducted  with  t 
due  regard  to  weight,  we  shall  find  that  27-27  parts  of  carbon, 
combined  with  72.7«3  parts  of  oxygen-gas,  to  form  100  of  carbonk 
acid;  and  this  would  be  the  same  whether  we  burned  charonl 
or  the  diamond.     If,  on  the  other  hand,  we  were  to  analyze  100 
parts  of  carbonic  acid  we  should  find  the  same  proportions  of 
the  elements,  whether  we  extracted  the  compound  from  lime- 
stone, or  obtained  it  from  fermenting  liquids,  or  by  the  proce« 
of  respiration. 

§  446.  Again :  we  can  obtain  the  compound  of  caibonk 
acid  and  lime  by  the  direct  action  of  the  acid  and  base;  or  fioB 
the  rocky  strata  of  the  globe ;  from  chalk,  or  secondary  lim^ 
stone,  or  primary  marble :  formations  which,  according  to  Ae 
speculations  of  geologists,  may  be  separated  from  one  anodicr 
by  intervals  of  time  reckoned  by  myriads  of  ages.  We  en 
obtain  it  from  coral,  the  work  of  marine  zoophj^tes^  fossiliied  bf 
time  or  recently  deposited ;  or  from  the  secretions  of  a  find  rf 
yesterday ;  and  in  every  case,  various  as  must  have  been  ill 
origin,  we  shall  find  that  100  parts  contain  precisely  44  putirf 
carbonic  acid  and  56  parts  of  lime. 

§  447*  We  may  satisfy  ourselves  that  the  same  bir  d 
definite  proporti4ms  (106)  is  maintained  in  the  combinatioa  rf 
oxygen  and  hydrogen,   which   constitutes  water;  and  as  ^ 

(106)  The  combinations  of  bodies  In  definite  volumes  an  doitf 
represented  by  symbols  of  the  following  kind;  in  which  a  stndirf 
volume  is  represented  by  a  square,  and  a  half  volume  by  a  luUwfHt^ 


laOcaUe^MhH. 

90c«UebMh«. 
I7.it  gnlM. 

Sttm. 

hydrogen  oombinei  wifli  I 
»f  steun;  and  the  wd|^ 
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elements  are  in  the  gaseous  state^  they  may  be  determined  by 
measure  as  well  as  by  weight.  We  have  abready  seen  tliat  in 
the  process  which  has  been  described  for  collecting  the  products 
of  the  detonation  of  these  t\i'0  gases^  it  is  necessary  that  they 
he  mixed  very  accurately,  in  the  proportion  of  two  of  hydrogen 
to  one  of  oxygen  (§  439).  In  these  proportions  they  enter  into 
combination,  and  in  no  other ;  and  if  either  gas  were  in  excess, 
the  surplus  would  be  left  after  the  detonation,  and  would  very 
non  accumulate,  and  prevent  fresh  portions  of  the  mixture 
entering  the  apparatus.  As  the  specific  gravity  of  each  gas  is 
fixed,  these  proportions  by  weight  are  equivalent  to  11.1  parts 
of  hydrogen  and  88.9  parts  of  oxygen  per  100.0. 

§  448.  It  is  not  that  the  previous  mixing  of  the  gases  in 
these  proportions  has  any  influence  upon  the  result ;  for  let  the 
mixture  be  made  in  any  proportions,  the  combination  will  take 
plice  in  but  one.  The  proportion  of  either  may  be  so  great 
vith  regard  to  the  other,  tliat  detonation  will  not  take  place ; 
ttos,  1  measure  of  hydrogen  may  be  mixed  with  100  of  oxygen, 
*d  no  general  combustion  will  ensue  upon  the  passage  of  an 
deetric  spark;  but  upon  continuing  the  electric  discharge  through 
k  mixture,  combination  will  slowly  proceed  by  the  action  of 
Ml  successive  spark,  exactly  in  the  same  definite  proportions 
li  if  it  had  resulted  at  once.  In  this  slow  process  combustion 
An  place  in  that  portion  of  the  gas  immediately  subject  to  the 
ction  of  the  sparks :  but  the  temperature  of  the  surrounding 
^  ii  not  sufficiently  raised  thereby  to  enable  the  combustion 
o  spread  beyond  tlieir  immediate  influence.  Tlie  accurate 
naljrsu  of  water  firom  any  source,  purified  from  all  foreign 
^dmiztare,  by  whatever  agent  effected,  will  give  the  same 
iBntitstiTe  result.  Oxygen  and  hydrogen  gases,  also,  unite 
■hilj  in  the  same  proportions,  when  they  are  exposed  to  a 
^pcialuro  above  the  boiling-point  of  mercury,  and  below  that 
^vUch  glass  bqpna  to  appear  luminous  in  the  dark. 

§449.  In  zelianoe  upon  this  lawj  the  detonation  of  a 
•town  quantity  of  hydrogen  with  an  unknown  quantity  of 
^mni  in  any  miztore  ia  employed  as  the  most  accurate  method 
**  wtiinslinH  ^^  amount  of  the  latter.    The  process  may  be 


toitwl  ftioni  tteoiy,  agrees  vory  nearly  with  tliat 
^  .^■■■■■.  ^  addneed  from  e^eriment  (§  SMS). 
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performed  in  an  eudiometer,  or  graduated  tube,  mad 
enough  to  resist  the  force  of  the  detonation,  and  provi 
platinum  wires  by  which  an  electrical  spark  may  be 
through  the  mixture.  The  amount  of  the  diminution  c 
divided  by  3  will  give  the  required  quantity ;  as  the  t 
can  only  combine  in  the  proportion  of  two  volumes  of  '. 
to  one  of  oxygen.  The  converse  of  the  process  may  < 
be  applied  to  ascertain  an  unknown  quantity  of  hydrog 
only  precaution  to  be  taken  is  to  be  careful  that  the  qi 
the  test  gas  should  somewhat  exceed  the  quantity  neo 
combination  with  the  other  gas. 

§  450.  But  though  the  composition  of  substano 
definite  and  limited,  it  by  no  means  follows  that  b< 
combine  only  in  one  proportion :  on  the  contrary,  mo 
can  unite  in  several ;  but  all  the  compounds  are  equall 
and  fixed.  They  are,  moreover,  restricted  by  this  sin( 
namely,  that  the  combining  quantities  always  bear  son 
ratio  to  each  other.  Thus,  when  two  gases  combine 
in  equal  volumes,  to  constitute  a  definite  compound 
combinations  take  place,  they  will  be  in  the  propor 
volimie  to  2,  or  1  to  3,  or  1  to  4,  &c.,  or  the  compoi 
form  a  series,  in  which  the  ratios  may  be  as  2  to  3,  • 
&c.  The  proportions  are  always  some  simple  mui 
submultiples  of  each  other.  Such  variations  of  pr 
admit  of  nothing  intermediate,  and  they  as  complete 
tute  new  species  of  matter  as  do  the  combinations  of 
elements.  We  will  endeavour  to  iUustrate  the  laws  o 
and  multiple  proportions  by  the  combinations  of  nitn 
oxygen. 

§  451.  The  chemical  affinity  between  these  two 
is  very  powerful ;  but  neverdieless  it  is  extremely  d 
cause  them  to  unite  directly.  This  is  doubtless  one  ] 
security  for  the  permanence  and  salubrity  of  the  mil 
sphere  which  we  breathe ;  for  all  their  compounds  arc 
and  most  of  them  corrosive  and  poisonous. 

The  slow  combination  of  nitrogen  and  oxygen 
laboriously  efiected  in  the  same  way  as  that  of  hydp 
oxygen  when  not  in  explosive  proportiona;  that  ia  ti 
passing  a  socoession  of  electric  spariks  lihnrag^  the 
(4  448) ;   but  in  no  proportions  of-  the  two 
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ftt  disengaged  to  maintain  the  combustion  by  itself.  We 
re  to  Mr.  Cavendish  the  discovery  that  the  formation  of  one 
the  most  poweiful  acids  with  which  we  are  acquainted, 
tmely,  aqua-J'ortia,  or  nitric  acid,  is  the  result  of  this  process. 

By  arranging  two  metallic  wires  upon  a  piece  of  damp  htmus 
aper,  in  such  a  way  that  a  rapid  succession  of  sparks  may  pass 
torn  the  prime  conductor  of  the  electrical  machine  between 
heiD,  we  may  always  obtain  evidence  of  this  action  in  the  red 
ine  which  will  appear  in  their  path ;  and  if  a  piece  of  filtering 
japer  be  steeped  in  a  solution  of  potassa,  and  the  sparks  be 
pined  over  it  in  the  same  way,  the  acid  as  it  is  formed  will 
neutralize  the  alkali,  and  the  paper  will  afterwards  bum  with 
idntillations,  just  as  if  it  had  been  steeped  in  solution  of  nitre. 

J  452.  Nitre,  which  is  spontaneously  produced  upon  the 
■oil  in  many  parts  of  the  world,  as  Spiun  and  the  East  Indies, 
ud  is  an  article  of  extensive  commerce,  is,  in  fact,  a  secondary 
compound  of  this  acid  and  alkali.  It  is  the  great  source  of  all 
die  nitric  acid  which  is  used  in  the  arts,  which  is  procured  from 
it  b}  the  superior  affinity  of  sulphuric  acid,  or  oil  of  vitriol,  for 
tlie  potassa  with  which  it  is  combined.  The  salt  is  put  into  a 
Rtort,  the  acid  poured  upon  it,  and  a  gentle  heat  applied;  the 
utric  acid  passes  over  in  the  state  of  vapour,  and  is  condensed 
in  I  proper  receiver  (107). 

In  this  compound,  nitrogen  is  oxidated  to  the  utmost ;  but 
bdbre  we  atate  ^e  definite  proportions  of  its  two  elements,  it  will 
be  more  aatubctory  to  examine  the  compounds  which  may  be 
ofatnned  by  the  partial  abstraction  of  oxygen  from  it. 


(107)  1^  process  may  be  conducted  in  the  apparatus  here 
a  ia  a  tabulated  retort,  connected  with  the  leceiTer, 
b,  the  tnbe  of  which  descends 
into  the  bottle,  c.  When  the 
retort  is  charged  with  the 
propel  proportions  of  nitre 
and  oil  of  vitriol,  and  a  gentle 
heat  applied  by  means  of  the 
lamp,  d,  the  nitric  add  passes 
over  ia  vaponr,  and  is  con- 
dansed  in  the  recnver,  h,  from 
whence    it   flows    into    the 
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§  453.  Upon  putting  some  metallic  zinc  into  i 
of  nitric  acid  and  water^  in  the  proportion  of  1  measure 
acid  to  16  measures  of  water^  and  applying  a  modera 
gentle  effervescence  will  take  place^  and  a  gaseous 
may  be  collected.  In  this  operation  the  zinc  takes  a  p 
oxygen  from  one  portion  of  the  nitric  acid^  and  forms 
oxide  which  is  produced  by  its  combustion  in  oxygen, 
combines  with  another  portion  of  the  acid.  But  the  i 
sition  is  not  complete^  and  we  shall  find  that  the  { 
passes  over  is  not  nitrogen^  but  a  compound  of  nitre 
the  smallest  proportion  of  oxygen,  and  possessed  of  far 
properties. 

§  454.  This  new  combination  of  nitrogen  anc 
may  be  best  obtained,  however,  and  in  the  purest  stat 
action  of  heat  upon  a  salt  which  we  shall  hereafter  pa 
examine,  and  which  used  to  be  called  nitrum  flammm 
now  known  by  the  name  of  nitrate  of  ammonia.  Son 
compound  may  be  placed  in  a  glass  retort,  and  gen 
over  an  argand  lamp.  It  must  be  cautiously  kept  sii 
when  it  will  give  ofif  the  gas  in  question,  which  may 
collected  in  bottles  over  hot  water,  as  it  is  considerabl 
in  tliat  liquid  when  cold. 

It  is  a  colourless  elastic  fluid,  considerably  heai 
common  air,  100  cubic  inches  weighing  about  47«d  gr 
is  not,  however,  permanently  elastic ;  for  by  subjectin; 
pressure  of  about  50  atmospheres.  Dr.  Faraday  obtaii 
the  liquid  form  at  45°  Fahrenheit.  It  was  thus  piXM 
sealuig  up  some  nitrate  of  ammonia  in  a  bent  tube^  anc 
it  at  one  end,  while  the  other  end  was  kept  cool ;  an  ex; 
which  must  always  be  attended  with  risk  from  the  e 
pressure  upon  the  tube.  It  has  a  sweetish  taste  s 
agreeable  smell,  both  of  which  it  imparts  to  water ;  ^ 
ordinary  temperatures,  absorbs  about  its  own  bulk  of 
Animals  when  wholly  confined  in  it,  speedily  die ;  ba 
be  breathed  a  short  time  with  impunity,  frorsx  its  I 
dilated  with  the  atmospheric  air  in  tiie  lungs. 

It  produces  a  most  extraordinary  ezatement  in  thi 
who  inhale  it.  The  experiment  may  be  tried  by  filliq| 
bladder  or  silk  bag  with  die  pure  gas,  and  inhaling  it  A 
through  a  pipe  attached  to  a  stop-cock.  The  Mnntijii 
it  produces  have  been  variously  dcacribed  by  diflEmnt.; 
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most  of  them  have  agreed  that  they  are  very  agreeable,  and 
;h  resemble  the  exhilarating  e£fects  of  spirituous  liquors.  It 
generally  occasioned  an  irresistible  propensity  to  laughter 
moscolar  exertion;  not  followed  by  that  depression  and 
le  of  lassitude  which  generally  succeed  excitement  firom 
lented  liquor* 

It  has  no  action  upon  v^etable  colours,  and  is  therefore 
her  add  nor  alkaline*  Many  substances,  when  introduced 
»  it  in  a  state  of  inflammation,  continue  to  bum,  and  with 
eased  splendour,  from  their  superior  affinity  for  the  oxygen 
1  which  they  combine,  setting  the  nitrogen  free.  The 
ring  wick  of  a  partially  extinguished  taper  is  immediately 
lied  into  flame.  Iron  wire  and  red-hot  charcoal  burn  in  it 
I  nearly  the  same  splendour  as  in  oxygen  gas,  but  for  a 
rter  time ;  and  the  action  of  phosphorus  is  so  violent  as 
ost  to  amount  to  explosion.  When  mixed  with  hydrogen, 
ill  detonate  by  application  of  flame,  or  by  an  electric  spark. 

§  455.  Its  exact  analysis  may  therefore  be  thus  performed : 
fix  a  measure  of  the  gas  with  an  equal  measure  of  hydrogen, 
!  fire  the  mixture  in  the  apparatus  before  described  (§  439). 
e  measure  of  pure  nitrogen  will  remain.  The  measure  of 
Irogen  has  wholly  disappeared,  and  must  have  entered  into 
ibination  with  half  a  measure  of  oxygen ;  for  these  are  the 
portions  in  which  we  have  previously  ascertained  these  two 
inents  to  combine.  We  further  conclude  that,  when  in  com- 
ation  with  the  nitrogen,  the  whole  volume  of  the  latter,  and 
i  half  volume  of  the  former,  must  have  been  condensed  into 
t  volume ;  and  a  comparison  of  the  specific  gravities  of  the 
Ks  confirms  this  conclusion :  for  100  cubic  inches  of  nitrogen, 
ii^iing  30.1  grains,  uniting  with  50  cubic  inches  of  oxygen, 
aching  17.2  grains,  without  altering  its  bulk,  must  form  a 
napound,  100  cubic  inches  of  which  will  weigh  47*3,  as  has 
een  found  from  direct  experiment  (108).    Tliis  is  an  example 


(106)    The  following  will  be  the  symbolic  representation  of  this 
^Mpooad  of  nitrogen  and  oxygen  by  volume. 


Nltrogtn. 
i«o  cmMc  uickM. 

Oxygen. 

S*  cabic  i»cb««. 
t7.«  gnia*. 

Nitrous  Ozkie, 

100  cabic  incbM 

474  train- 
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of  the  method  by  which  we  can  ascertain  an  unknown  quantity 
involved  in  a  known  quantity. 

§  456.  And  it  leads  us  to  remark  further  upon  the  law 
of  definite  and  multiple  proportions  in  relation  to  gases^  that, 
whenever,  in  composition  or  decomposition  a  change  of  volume 
takes  place,  the  enlargement  or  condensation  always  bears  sume 
simple  ratio  to  the  original  bulk.  It  is  always  double  or  triple, 
or  half,  &c.  Thus,  in  the  combination  of  two  volumes  of 
hydrogen  with  one  of  oxygen,  the  three  volumes  are  condensed 
into  two  of  steam.  100  cubic  inches  of  hydrogen  weighing 
2.15  grains,  added  to  50  cubic  inches  of  oxygen  17*12>  &re  equal 
to  19.27  grains;  the  weight  of  100  cubic  inches  of  steana,  salt 
is  found  by  experiment  when  properly  corrected  for  temperataie 
and  pressure  (§  106). 

This  compound  of  nitrogen  and  oxygen  was  discovered  hy 
Dr.  Priestley ;  who,  according  to  the  favourite  hypothesis  of  the 
day,  named  it  dephlogisticated  nitrous  air. 

§  457.  The  deoxidation  of  nitric  acid  may  be  effected  id 
a  less  degree  by  mixing  it  with  only  one  half  its  bulk  of  watOj 
instead  of  diluting  it  with  sixteen  times  its  bulk.  The  action  of 
the  zinc  upon  it  is  much  more  violent:  but  for  the  purpose  of 
collecting  the  product  it  is  best  to  employ  mercury.  Upon 
pouring  the  acid  upon  the  metal,  a  violent  effervescence  soon 
ensues,  which,  at  first,  produces  a  red  vapour  in  the  retort; 
but  upon  collecting  the  gas,  it  is  foimd  to  be  colourless. 

Tliis  gas  is  a  permanent  elastic  fluid;  very  sparingly  solubk 
in  water,  and  does  not,  when  pure,  act  upon  vegetable  oobun. 
It  is  wholly  irrespirable.  The  flame  of  most  combusdbb 
bodies,  as  of  a  taper  or  sulphur,  is  instantly  extinguished  bf 
being  immersed  in  it,  but  it  parts  with  its  oxygen  to  cfaaieo4 
or  phosphorus,  if  introduced  in  a  state  of  strong  ignition;  sod 
they  bum  in  it  with  increased  energy.  It  does  not  explode 
when  mixed  with  hydrogen  in  any  proportion;  but  it  oolo0> 
its  flame  green  when  mixed  with  it  and  burnt  in  the  000- 
mon  air. 

It  is  but  little  heavier  than  common  air^  100  caUc  indtfi 
weighing  about  32.2  grains;  when  mixed  with  oxjrgen  or  oomBOi 
air,  deep  red  fumes  are  generated^  and  if  the  experiment  be  nudB 
over  water  a  great  absorption  takes  place;  and  when  the  cxjf^ 
ia  perfectly  pure^  and  the  mixture  made  in  proper  pcopoitiM 
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thfj  combine  together  and  totally  disappear.  The  composition 
of  this  gas  ha-s  been  accurately  ascertained  by  the  careful 
combustion  of  charcoal  in  a  known  measure  of  it.  After  the 
Dpmtton,  an  equal  measure  of  gas  remained,  which  was  found 
to  consist  of  half  a  measure  of  carbonic  acid,  which  was  absorbed 
bf  potassa,  and  half  a  measure  of  nitrogen. 

Now,  charcoal  combines  with  oxygen  to  form  carbonic  acid 
titbout  altering  its  bulk,  and  hence,  we  conclude  that  the 
litngen  of  the  compound  was  combined  with  an  equal  volume 
lit  oxygen  without  change  uf  volume;  a  result  which  exactly 
igKes  with  its  specific  gravity;  for  50  cubic  incites  of  nitrogen, 
ll  f^ns,  added  to  50  cubic  inches  of  oxygen,  1  T.2  grains, 
uke  a  sum  of  32.2  grains,  the  weight  as  we  have  already  stated 
(( 100  cubic  inches  of  the  gas  (109). 

Here  we  find,  then,  that  the  quantity  of  oxygen  com- 
MHd  with  the  nitrogen,  is  exactly  double  that  of  the  preceding 
nmpound. 

$  458.  The  difference  of  the  action  of  hydrogen  upon  the 
tn  oxides  of  nitrogen  is  remarkable,  and  is  probably  referrible 
to  the  state  of  condensation  in  the  elements  of  the  first.  The 
dtrellent  affinity  of  the  hydrogen  for  the  oxygen,  is  here  assisted 
by  the  elastic  force  with  which  it  tends  to  escape  from  coercion. 
In  the  latter,  no  compression  of  the  elements  exists,  and  no 
*A  mxiliary  force  is  exhibited. 

S  459.  Before  we  proceed  with  our  investigation,  we 
■■M  lay  a  few  words  upon  the  mode  of  naming  these   new 


(109)     The  constitution  of  the  second  compouad  of  nitrogen  and 
*^im  may  be  represented  as  follows: — 


Xo  eODdniMtioB  of  volnme  here  takes  place. 

Ik  dsBompostioi)  bj  charcoal  may  be  ^ui  represented. 


^, 

Oirgm. 

O^SPn. 
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creations  of  chemistry; — these  unfamiliar  forms  of  matter,  to 
the  num1)er  of  which  the  progress  of  science  is  daily  adding;— 
for  which  common  language  cannot  have  provided  distinctiTC 
appellations.  Unless  this  be  done  upon  some  well-digested 
plan,  utter  confusion  arises;  and  without  some  artificial  hdpi, 
the  most  retentive  memory  would  be  insufficient  to  the  tiik 
of  recalling  them  at  need. 

The  employment  of  common  language  in  science,  ^rfaen 
possible,  is  always  advantageous;  but  then  it  should  l)e  remem- 
bered that  it  should  be  so  employed  with  scientific  precision. 
The  vague  notions  which  careless  persons  often  attach  to  words 
in  their  common  use,  is  utterly  inconsistent  with  any  sound 
advancement  in  philosophy*.  But  new  substances  must  be 
designated  by  new  names;  and  our  obligations  to  those  vho 
have  pointed  out  systematic  methods  of  performing  this  task 
with  a  due  regard  to  euphony  and  etymology  and  the  stractore 
of  language  are  very  great. 

We  are  indebted  to  the  labours  of  four  eminent  Frend 
chemists, — Lavoisier,  Berthollet,  Guyton  Morveau,  and  Four- 
croy, — for  having  effected  this  important  service;  their  syste- 
matic nomenclature  has,  indeed,  greatly  conduced  by  its  simpli- 
city, and  its  ready  adaptation  to  new  &cts,  to  the  advanoemeot 
of  science.  The  principles  of  this  nomenclature^  which  haw 
required  some  modification  and  extension  with  the  progress  of 
experience,  we  shall  endeavour  to  explain  as  we  proceed,  and  to 
apply  as  occasion  may  require;  in  conformity  with  our  plan  d 
proceeding  gradually  from  the  known  to  the  unknown. 

§  460.  IMvial  names,  or  names  which  are  not  descrip- 
tive, may  be  given  to  simple  substances;  and  they  are  eventk 
best  when  others  may  be  readily  compounded  from  them;  M 
it  is  of  great  importance  that  compound  bodies  ahouU  be 
designated  by  names  which  may  recall  their  oonstitutioii«  Of 
all  elementary  substances,  oxygen  has  the  greatest  ranged 
affinity;  and  it  is  capable  of  entering  into  combination  widk  al 
the  other  elements  in  a  vast  variety  of  proportions;  it  ii  disi^ 
fore  of  great  importance  to  distinguish  its  compoands  do^* 
Of  its  primary  products,  those  which  are  not  acid  an  tanvBl 
Oxides:  thus,  in  the  systematic  language,  water  is  an  osidB  v 
hydrogen,  and  the  two  compounds  of  oxygen  and  vSMg^ 

•  Whew  ELL. 
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ch  we  have  just  examined^  are  oxides  of  nitrogen.  When 
le  than  one  such  compound  with  the  same  body  is  known^ 
'  are  distinguished  at  firsts  second^  and  third  oxide,  &c.,  by 
appellations,  derived  from  the  Greek  ordinals,  of /?ro/oxide, 
oxide,  /rt/oxide,  &c.,  or  the  furthest  d^ree  of  oxidation 
h  does  not  confer  the  property  of  acidity,  is  distinguished 
lie  Latin  particle  per,  indicating  the  superlative  degree; 
dde  of  mercury  designating  the  red  compound,  to  which  we 
so  often  referred,  of  that  metal  with  oxygen. 

§  461.  Having  found  that  the  law  of  multiple  pro- 
ons  is  maintained,  both  by  measure  and  weight,  in  the 
)osition  of  the  protoxide  and  deutoxide  of  nitrogen,  let  us 
%d  to  examine  the  next  combination  of  these  elements; 
this  may  be  produced  synthetically  by  the  addition  of 
en  to  the  deutoxide.  The  gases  for  this  purpose  must  not 
dixed  over  water  or  mercury;  but  in  an  exhausted  glass 
5  or  receiver.  In  this  way,  if  one  measure  of  oxygen  be 
d  to  two  measures  of  the  deutoxide,  they  will  be  condensed 
one-third  of  their  joint  volume,  and  form  a  deep  orange- 
ired  gas,  which  is  the  nitrous  acid.  Now  a  volume  of  the 
oxide,  we  know,  consists  of  half  a  volume  of  nitrogen,  and 
qual  measure  of  oxygen:  two  volumes,  therefore,  contain 
eolume  of  nitrogen  and  one  of  oxygen,  and  another  volume 
xygen  added,  condenses  the  whole  three  volumes  into  one 
me  of  the  new  compound,  which  must,  therefore,  contain 
8  the  oxygen  of  the  deutoxide,  and  four  times  the  oxygen 
le  protoxide  (110). 

§  462.  This  gas  will  support  the  combustion  of  common 
bustibles;  an  inflamed  taper  and  phosphorus  bum  in  it 
t  vividly,  and  charcoal  with  a  dull  red  light.  Water  dis- 
cs it  with  great  rapidity,  and  acquires  a  green  tint,  which 


(110)    The  composition  of  this  compound  of  nitrogen  and  oxygen, 
its  lyndiesis,  from  the  deutoxtide  and  oxygen,  may  be  thus  repre- 
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changes  to  bluc^  and  finally  to  ycUow,  as  more  of  the  gas  is 
absorbed.  The  solution  is  intensely  sour,  reddens  the  blae 
colour  of  litmus^  and  stains  animal  substances  yellow. 

§  463.  When  a  ray  of  lights  which  has  been  puaed 
through  even  a  very  dilute  mixture  of  this  gas  and  common  air, 
is  examined  with  a  prism,  the  spectrum  is  found  crossed  with 
a  series  of  black  lines  of  a  similar  character  to  those  to  vhidi 
we  have  before  alluded,  as  being  i)erceptible  in  a  well  defined 
solar  spectrum  (§  234).  *Heat  has  a  curious  influence  upon  hi 
action  upon  light;  at  a  low  temperature,  or  0°  Fahrenheit,  it  ii 
colourless;  at  32°,  it  is  of  a  yellow  colour;  and  at  common 
atmospheric  temperatures,  it  assumes  various  shades  of  oninp 
yellow.  As  it  becomes  hotter,  its  colour  deepens  till  a  ray  of 
the  brightest  sunshine  is  incapable  of  penetrating  through  etcn 
a  dilute  mixture. 

The  gas  is  very  easily  condensed  by  a  temperature  of  0°  to 
the  liquid  state.  In  this  form  it  is  powerfully  corrosive;  pos- 
sesses an  intense  acid  taste  and  pungent  odour,  boils  at  82^,  and 
rapidly  evaporates  at  lower  temperatures. 

§  464.  By  passing  deutoxide  of  nitrogen  slowly  into 
oxygen  gas  standing  over  water,  we  form  the  nitric  acidwidi 
which  we  set  out.  In  this  operation,  four  volumes  of  tJie 
former  gas  unite  with  three  volumes  of  the  latter,  and  Ae 
compound  must  therefore  be  in  the  proportion  of  two  vofanMi 
of  nitrogen  and  five  volumes  of  oxygen.  The  add,  as  it  ii 
formed,  is  absorbed  by  the  water,  and  would  indeed  appear  to 
be  incapable  of  existing  except  in  union  with  that  liquid^  ff 
some  saline  base.  The  strongest  acid  which  can  be  procnnil 
by  the  process  of  distillation  from  nitre  has  a  spedfic  grantyrf 
1.50,  in  which  one  proportion  of  the  dry  acid,  oonstitated  tf 
above  stated,  is  combined  with  one  proportion  of  water. 

§  465.  The  aqueonitric  add  is  a  highly  contwre  ihi^ 
and  acts  as  a  powerful  cautery  when  applied  to  the  aldn,  wUA 
it  stains  of  a  permanent  yellow.  It  is  often  decompond  «ik 
great  violence  by  substances  which  have  a  strong  affinilj  i^ 
oxygen;  which  enters  so  largely  into  its  composition.  If  it  t^ 
brought  into  contact  with  hydrogen  at  a  high  tempanMb. 
a  violent  detonation  will  be  the  consequence;  bvt  die  ^Effi^ 
ment  is  dangerous,  and  should  not  be  made  iri&Bftt  t0 
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ontiun.  When  poured  upon  warm  dry  cliarcoal  in  powder, 
rranbustion  ensuea,  with  the  emission  of  copious  fumes  arising 
Erum  the  disengagement  of  deutoxide  of  nitrogen.  Oil  of 
turpentine  may  be  inflamed  by  suddenly  pouring  strong  nitric 
KJd  into  it. 

Chemists  continually  employ  this  acid  for  the  purpose  of 
bringing  bodies  to  their  maximum  state  of  oxidation.  Nearly 
ill  the  metals  may  he  thus  converted  into  oxides,  and  all  vege- 
tible  and  animal  substances  may  be  combined  with  oxygen. 
He  acid,  during  these  processes,  yields  up  three-fiftha  uf  its 
oiygen,  and  passes  to  the  state  of  deutoside  of  nitrogen;  an 
nunple  of  which  decomposition  we  have  in  the  process  for 
making  that  gas  (§  457)' 

i  466.  When  more  than  one  acid  is  formed  by  the  com- 
bination of  any  body  with  oxygen,  the  chemical  nomenclature 
liitinguishes  them  by  the  terminations  oua  and  ic;  conferring 
he  first  upon  the  acid  which  contains  the  least  oxygen,  and  the 
lecoad  upon  that  which  contains  the  most.  We  denominate 
he  compound  of  one  volume  of  nitrogen  and  four  of  oxygen, 
he  nibttiu  acid,  and  that  of  one  and  five  the  nitric. 

(  467-  Thus,  then,  we  have  become  acquainted  with  four 
compounds  of  nitrogen  and  oxygen,  in  which  the  proportions  of 
the  litter  element  to  the  former,  taken  by  measure,  are  in  the 
hi^icr  compounds  multiples  of  the  lowest:  distinguishing  them 
by  dw  initial  letters  :— 

1  N  +     ^  O  =  Protoxide  of  nitrogen. 

]  N  +  1  O  =  Deutoxidc  of  nitrogen. 

1  N  +  3  0  =  Nitrous  acid. 

1  N  +  Si  0  =  Nitric  acid. 

Hera  it  will  be  observed  that  to  form  a  complete  scries, 
Acre  a  mntiog  a  compound  between  the  deutoxidc  and  nitrous 
llidrflN  +  11  Oj  which  for  a  long  Ume  was  unknown;  but 
fctitidi  M.  Gay  Lnasac,  who  first  obtained  it,  was  induced  to 
mA  anAiUy  by  experiment,  in  fuU  reliance  upon  the  invari- 
iMMai  of  the  law  which  wb  are  endeavouring  to  illustrate. 

f  463.  By  fbnning  a  mixture  of  deutoxide  of  nitrogen 
id  oiygen  over  meicury,  initead  of  water,  in  the  proportion  of 
t  and  one  of  the  latter,  and  throwing 
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in  a  little  solution  of  potassa,  a  combination  takes  place,  a 
acid  is  formed  which  immediately  enters  into  secondary 
bination  with  the  alkali;  but  which  cannot  afterwards  be 
rated  without  undergoing  decomposition.  The  compounc 
so  unstable  a  nature  that  whenever  a  stronger  acid  is  add 
the  purpose  of  disengaging  it  from  the  base,  it  is  resolve 
the  two  more  permanent  compounds,  deutoxide  of  nitrogi 
nitrous  acid.  It  is  of  very  little  importance  except  as  sup 
the  link  which  was  deficient  in  our  chain  of  simple  mu] 
This  acid  was  distinguished  by  its  discoverer,  by  prefixu 
Greek  preposition  hypo,  signifying  under,  to  the  nitrou 
and  thus  indicating  its  inferior  degree  of  oxygenation;  he 
it  the  hypo-nitrous  acid, 

§  469.  As  the  specific  gravities  of  all  the  gases  is  d( 
the  quantities  thus  expressed  by  measure,  are  easily  con 
into  the  corresponding  quantities  by  weight;  when  the 
law  of  multiple  proportions  will  of  course  appear;  as  : 
following  table: — 

100  O   +  175  N  =  Protoxide  of  nitrogen. 

200  O  +  1 75  N  =  Deutoxide  of  nitrogen. 

300  O  -f  175  N  =  Hyponitrous  acid. 

400  O  +  175  N  =:  Nitrous  acid. 

500  O  +  175  N  =  Nitric  acid. 

Between  these  compounds  there  is  none  intermediafe 
the  constitution  of  each  is  invariably  fixed  and  definite. 


§  470.  The  complete  change  of  properties 
racterizes  these  definite  combinations  under  the  force  of  ai 
cannot,  perhaps,  be  better  exemplified  than  by  this  ser 
compounds:  each  is  essentially  different  from  die  other^i 
regards  their  effects  upon  the  human  constitution^  pleann 
suffering,  laughter  and  death  are  at  the  two  eztrema 
reviewing  them  all,  it  is  almost  impossible  not  to  be  iaxfk 
with  the  wonderful  nature  of  that  species  of  attactioi^ 
by  the  approximation  of  the  particles  of  two  bodioB^  an 
mere  variation  of  their  proportions,  can  confer  soch  CM^ 
different  qualities  upon  matter  1  In  the  atmosphera  lif 
we  are  surrounded,  we  are  presented  with  an  aothre  pn 
essential  to  the  existence  of  life,  but  injuiioiu  in  ila  |NM 
dilated  by  measure  and  weight  with  an  inert  fluid  to  Ae 
proportion  which  ia  moat  benefidal  to  animal 
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perpetually  consiimed,  and  perpetually  renewed ;  but  never  falls 
abort  of  its  determined  quantity.  This  bland^  tasteless,  iuo- 
dorous,  invisible  mixture,  in  which  w*e  are  constantly  immersed, 
and  upon  the  maintenance  of  which  our  existence  depends,  is, 
by  the  approximation  of  its  particles  in  a  manner  to  us  myste- 
rioos,  capable  of  being  converted  into  a  poisonous,  corrosive, 
mffocating  red  vapour,  which  instantly  destroys  all  organized 
nitter.  By  approximating  them  in  othe^  proportions,  an 
btoxicating  deleterious  air  is  produced,  or  compounds  with 
otber  properties,  but  all  destructive  of  life.  Such  affinities,  it 
ii  cleur,  exist;  but,  providentially,  are  controlled  by  the  same 
Power  which  ordained  the  laws  of  nature. 

§  471*  The  course  of  our  investigation  will  lead  us  next 
to  inquire  whether  nitrogen  be  capable  of  forming  any  combi- 
nitions  with  hydrogen,  and  what  the  nature  of  these  combi- 
ittions  may  be. 

The  tiii'o  gases  may,  of  course,  be  mixed  together  in  any 
proportions ;  but  there  are  no  known  means  of  causing  them  to 
^te  directly  in  a  more  intimate  manner.  One  such  compound 
iiay,  however,  be  formed  indirectly.  Strong  nitric  acid  will  not 
^  acted  upon  by  tin;  and  indeed  there  are  several  metals,  iron 
ttnongst  the  number,  which  remain  perfectly  bright  in  acid  of  the 
specific  gravity  1.5.  When  diluted  with  half  its  bulk  of  water, 
^^^nd  decomposition  of  the  acid  takes  place,  and  tin  is  converted 
ato  a  white  oxide,  with  a  violent  extrication  of  deutoxide  of 
■utngen.  If  some  of  the  bulky  white  powder  thus  produced  be 
nibbed  in  a  mortar  with  some  alkaline  base,  such  as  potassa  or 
Bbc^  the  well-known  pungent  smell  of  hartshorn  is  emitted; 
^apiece  of  moistened  turmeric-paper  held  in  the  fumes  will 
be  tnrned  brown^  testifying  the  escape  of  some  volatile  substance 
vUi  dkaline  properties. 

In  this  process  the  tin  not  only  effects  the  decomposition  of 
^seid,  bnt  also  of  the  water,  combining  with  the  oxygen  of 
btfi;  and  a  portion  of  nitrogen  and  hydrogen  are  set  free  at 
%iiBie  tiiiie^  and  immediately  form  a  new  compound.  This 
iiBpiBiid  is  alkaline;,  and,  consequently,  enters  into  secondary 
Mfeinidoii  with  a  portion  of  the  acid.  By  washing  the  oxide 
|(1H  and  evaporation  of  the  solution,  the  resulting  salt  may 
in  orystihu 

|47i.  Thore  is  a  saline  body  of  the  same  nature  well- 
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known  in  the  arts  by  the  name  of  sal-ammoniac^  which 
called  because  it  was  formerly  obtained  near  the  ruins 
temple  of  Jupiter  Ammon,  in  Africa;  if  some  of  this  salt 
powdered  and  mixed  with  an  equal  quantity  of  unslaked 
lime  in  powder^  be  introduced  into  a  small  glass  reto 
exposed  to  heat,  it  will  give  off  a  gas  which  may  be  cc 
over  mercury,  but  is  rapidly  absorbed  by  water.  It  po 
the  peculiar  pungent  smell  to  which  we  have  just  refem 
when  drawn  into  the  mouth  destroys  the  cuticle;  and  an 
plunged  into  it  is  instantly  suffocated. 

It  is  colourless,  and  possesses  all  the  mechanical  pro 
of  the  air.  It  possesses  an  acrid,  caustic,  taste  which  i 
municates  to  its  watery  solution.  The  flame  of  a  taper  p 
suddenly  into  it  is  extinguished;  but,  if  slowly  and  cau 
introduced,  it  becomes  enlarged  with  a  kind  of  yellow 
indicating  a  disposition  of  the  gas  itself  to  bum.  I 
if  a  small  jet  of  it  be  thrown  into  a  jar  of  oxygen,  i 
be  ignited:  the  product  of  the  combustion  being  wHt4 
nitrogen. 

§  473.  A  mixture  of  the  gas  with  oxygen,  in  th 
portion  of  t>vo  volumes  to  one  and  a  half,  may  be  inflame 
as  a  mixture  of  hydrogen  and  oxygen. 

Tlie  mere  passing  of  electric  sparks  through  it  eflfc 
decomposition;  and  it  may  also  be  decomposed  by  transc 
it  over  red-hot  iron,  or  copper  placed  in  a  tube  (111] 
these  processes  its  bulk  is  gradually  enlarged;  and  when 
three  hundred  discharges  have  passed  through  a  cubic  i 
it,  it  will  be  found  to  have  doubled  its  volume.  Two  voi 
therefore,  by  their  decomposition,  produce  four  volumes, 
are  found  to  consist  of  three  volumes  of  hydrogen  an 
volume  of  nitrogen. 

(HI)  The  gas  for  this  purpose  may  be  obtained  in  abbd 
from  which  it  may  be  gradually  expelled  through  the  tube,  h  &, 
contains  a  coil  of  copper  wire,  and  is  kept  heated  in  the  fan 
The  gases  arising  from  the  decomposition  may  be  collected  in  t 
<2,  standing  in  the  water-trough,  and  measured. 
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§  474.  Now,  150  cubic  inches  of  hydrogen  weigh  3.22 
IS,  and  50  cubic  inches  of  nitrogen  15.07  grains,  making 
:her  18.29  grains;  which,  as  two  volumes  are  exactly  con* 
ed  into  one,  will  be  the  calculated  weight  of  100  cubic 
>s  of  this  compound,  and  agrees  very  closely  with  the  result 
rect  experiment  (112).  It  has  been  named  ammonia,  from 
al-ammoniac  from  which  it  was  first  procured. 

§  475.  Ammonia  has  been  liquefied  by  Dr.  Faraday  with 
ssure  of  6^  atmospheres  at  50^  Fahrenheit.  Its  solution 
ater  is  an  article  of  great  importance  and  extensive  use. 
fty  be  prepared  by  passing  the  gas,  as  it  is  formed,  at  once 
water ;  which,  at  the  temperature  of  50°,  will  take  up  670 
I  its  own  volume.  The  bulk  of  the  water  is  thereby  in- 
ed,  and  its  specific  gravity  diminished :  that  of  a  saturated 
ion  being  .875.  The  solution  may  be  more  conveniently 
5  by  covering  the  mixture  of  lime  and  sal-ammoniac  with 
r,  and  after  allowing  it  to  stand  for  some  hours,  pouring  oflf 
ilear  solution  and  distilling.  The  force  of  adhesion  between 
jnmonia  and  the  water  is  so  great,  that  the  solution  rises 
ipour,  and  is  afterwards  condensed.  The  solution  possesses 
)eculiar  pungent  smell,  taste,  and  alkaline  properties  of  the 
tself,  and  has  the  same  action  upon  vegetable  colours. 

§  476.  The  affinity  which  we  have  been  hitherto  con- 
ing has  been  between  the  ultimate  particles  of  bodies ;  the 
lical  composition,  which  hence  results,  by  no  means  in 
f  case  saturates  or  satisfies  their  chemical  attraction,  but 


1 12)  The  results  of  this  analysis  are  thus  represented  in  volume, 
condensation  is  of  four  volumes  into  two: — 


Hydrogen. 

100  entric  indm. 
•.15  Itraiii*. 

Nitrogen. 

100  cubic  incbM. 
3».l  grmiiM. 

Hydrogen. 

lAO  nbk  inckw. 
fl.i5gi«iiM. 

Hydrogen. 

100  oMe  inrbM. 
«.IS  grain*. 

Ammonia. 

MO  cable  Inche*. 
38^55  fmin*. 
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leaves  many  of  the  compounds  with  the  power  of  enteiiiig  inti 
secondary  combinationj  as  proximate  principles,  from  which  nn 
classes  of  bodies  arise  with  perfectly  new  properties,  but  ii 
which  the  power  of  simple  combination  is  satisfied,  and  thi 
chemical  forces  are  in  a  state  of  equilibrium.  These  secondar 
combinations  again  are  strictly  subject  to  the  same  laws  o 
definite  and  multiple  proportions. .  We  will  illustrate  this  mor 
particularly  by  the  mutual  reaction  of  ammonia  and  the  nitri 
and  carbonic  acids,  which  we  have  formed  out  of  the  ingredient 
of  the  atmosphere. 

§  477-  By  carefully  dropping  a  solution  of  ammonia  int 
dilute  nitric  acid  they  may  be  made  exactly  to  neutralize  on 
another,  and  the  exact  point  of  mutual  saturation  may  be  easil] 
ascertained  by  colouring  the  first  green  and  the  second  red  b] 
some  blue  vegetable  colour.  The  blue  colour  wiU  be  restorw 
when  the  acid  and  alkaline  properties  disappear.  The  solatioo 
will  tlien  be  neither  acid,  corrosive,  alkaline,  nor  caustic,  but  its 
taste  will  be  saline  and  cooling.  By  careful  evaporation  of  tbe 
water  at  a  temperature  not  exceeding  100°  Fahrenheit,  a  sdt 
may  be  obtained  in  crystals,  which  is  the  same  as  that  which 
we  described  as  formed  by  the  violent  reaction  of  water,  nitric 
acid,  and  tin  (§  471).  These  crystals  have  been  ascertained  to 
be  composed  per  cent,  of: — 

Acid  .         .         67.50 

Alkali  .         .         21.25 

Water  .  11.25 

100.00 


We  may  separate  the  whole  of  its  acid  from  this  compoondylq 
the  stronger  aflinity  of  sulphuric  acid  for  the  ammonia:  orvi 
may  separate  its  alkali  by  die  superior  attraction  of  lime  fer  Ai 
nitric  acid. 

It  is  also  the  same  salt  as  that  which  we  employed  tat  tM 
formation  of  the  protoxide  of  nitrogen  (§  454) :  and  if  fli 
experiment  be  carefully  conducted,  it  will  be  found  tlal  ih 
full  weight  will  be  obtained  in  protoxide  and  water.  It  u  dM 
then,  that  the  whole  influence  of  the  heat  is  to  prodnoe  a  iil 
and  more  stable  arrangement  of  the  heterogeneous  piftkh 
concerned  ^thoot  any  loss:  and  the  study  of  tlui  fhf* 
afllnities  we  shall  find  very  instructive. 
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§  478.  That  the  water  should  pass  o£f  at  a  high  tempe- 
re,  any  one  might  probably  anticipate;  but  that  the  hydrogen 
le  anunonia  should  be  exactly  sufficient  to  combine  with  the 
;en  of  the  acid^  and  leave  the  nitrogen  of  both  in  the  lowest 
ee  of  oxygenation^  as  the  protoxide^  is  very  remarkable, 
e  is  not  the  slightest  excess  or  deficiency  in  any  of  the 
ents;  but  the  definite  proportions  of  the  first  compounds 
dn  the  exact  quantities  for  the  second^  which  are  equally 
ite.    LfCt  us  state  the  proportions  of  each  per  cent,  from  the 

analyses  and  syntheses^  as  we  have  just  done  the  propor- 

of  the  proximate  principle  of  the  salt. 

Nitric  Acid 


Ammokia 
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Water 


Nitrogen 
Oxygen 

25.926 
74.074 

100.000 

Nitrogen 
Hydrogen 

82.353 
17.647 

100.000 

Nitrogen 
Oxygen 

63.637 
36.363 

100.000 

Hydrogen 
Oxygen 

11.111 
88.889 

100.000 

§  479.  Now  under  this  form  of  stating  the  proportions 
ich  bodies  are  combined^  in  100  parts  of  the  compound, 

would  obviously  be  the  first  mode  of  comparing  the 
s  of  analyses,  the  great  and  fundamental  laws  of  chemical 
>8ition  for  a  long  time  lay  hid,  the  evolution  of  which 
tutes  one  of  the  greatest  steps  that  the  science  ever  made. 
I  at  once  appear  by  changing  the  expressions  of  all  the 
B  into  the  same  ratios  of  the  ingredients  with  reference 
I  taken  as  a  standard  of  comparison, 
st  us  for  instance  take  oxygen  as  our  standard  of  com-> 
m  for  the  above  analyses,  and  call  its  fixed  combining 
Ttion  unity,  or,  for  convenience  of  decimal  notation,  10.0 ; 
ximmencing  with  the  protoxide  of  nitrogen  as  the  compound 
ich  it  exbts  in  least  proportion,  we  shall  find  the  quantity 
arogen  combined  with  the  oxygen  upon  this  scale  by  the 
ing  statement. 
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Oxygen  Stan-  Nitrogen        Nitro- 

per  cent.  dord.  per  cent.  gen. 

3().363     :     10.0     :  :      (53.037     :     175 

Let  us  next  take  the  analysis  of  water^  and  compare  tli 
results  with  the  same  standard. 

Oxygen  Stan-  Hydrogen        Hydro- 

per  cent.  dard.  per  cent.  gen. 

88.989     :     10.0      :  :      11.111      :     1.25 

Thus,  then,  we  have  the  combining  proportions  of  the  thn 
elementary  substances  concerned  in  these  compounds,  refcm 
to  oxygen  as  10.0,  as  follows. 

Oxygen         .         .         .         10.0 
Nitrogen       .         .         .  17>5 

Hydrogen     .         .  1.25 

and  of  tlieir  primary  compounds. 

N.  O. 

Protoxide  Nitrogen  .         .       17.5     +   10  rr  27.5 

n.        o 

Water  ....         1.25   +    10  =  lliS 

But  we  have  also  the  combination  of  nitrogen  vntli  oxygen 
multiple  proportion  as  nitric  acid;  and  according  to  theanaln 

Nitrogen        Standard  Oxygen  Standard 

per  cent.         Nitrogen.  per  cent  Oxygen. 

25.0  17.6       :  :       74.1     :     10.0   x  5 

We  find  also  that  ammonia  is  a  compound  of  nitrogen  i 

hydrogen  in  which,  expressing  nitrogen  by  the  same  numbci 

that  determined  by  the  last  comparisons,  we  find  the  hydn)| 

to  l>e  expressed  by  exactly  three  times  the  number  whici 

derived  for  it  from  the  analysis  of  water  reduced  to  the  comn 

standard:  thus. 

Nitrogen  Standard  Hydrogen        Standard 

percent         Nitrogen.  percent        Hydn^geo. 

88.35  17.5  17.647     :     1.25  x  3 

Thus  we  have  the  laws  of  definite  and  multiple  proporti 
strikingly  presented  to  us,  and  we  moreover  learn,  nfyfc  < 
that  the  proportions  are  definite,  but  also  that  they  are  reapn 
or  mutually  interchangeable. 

Thus  will  a  certain  standard  weight  of  oxygen  or  its  nmlli 
combine  with  a  certain   definite  proportion  of  nitrpgCB 
with  a  certain  other  definite  proportion   of  hydrogoi; 
nitrogen  and  hydrogen  will  also  combine  together  in  eac^ 
proportions  which  have  been  thiu  aacertained  wiA  nfti 
oxygen  or  in  some  simple  multiple  of  one  of  them. 
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Again,  if  we  add  together,  on  one  hand,  the  proportions  thus 
Mertained  of  nitrogen  and  oxygen  which  enter  into  the  com- 
oation  of  nitric  acid,  and  on  the  other  the  proportions  of 
itn^n  and  liydrogen  which  form  ammonia,  the  respective 
uma  will  express  the  ratio  in  which  the  acid  and  alkali 
'Umbine:  thus — 

17-5  N  +  50.00  O  =  67^  Nitric  acid. 
17.5  N  +     3.75  11=  21.25  Ammonia. 

68.75  Nit,  of  Ammonia. 

mi  so  also  with  the  water  which  enters  into  the  constitution  of 
:he  crystallized  salt:  if  we  add  together  the  oxygen  and  hydrogen, 
:lie  luni  will  be  the  comhining  proportion. 

a75  H  +  10.0  0  =  11.25  Water. 
3 
and  88.75  dij  salt  -f  11.25  =  100  Crystallized  salt. 

The  decomposition  of  nitrate  of  ammonia  by  heat,  con- 
aidered  either  with  regard  to  measure  or  weight,  places  these 
rtUtions  in  a  very  striking  point  of  view :  thus  by  volume; 

Cnb.  la.  Cub.  In.         7 

100  N  +   250  0  =:  Nitric  add.  1 

100  N  +   300  H  =  Ammonia,     mitrate  of  Ammonia. 

100  U  -f     50  O  =  Water.           ) 


g»N  +   400H  +  300O 


But  tliese  proportions  of  the  elementary  gases  are  capable 
tf  bemg  arranged  in  the  following  order : — 
Cab.  In.         Cnb,  In. 
100  N  4-  60  0  =  Protoxide  of  Nitrogen, 
100  N  +  50  O  k:   Protoxide  of  Nitrogen. 
100  H  +  60  0  =  Water. 
100  H  +  50  O  =  Water. 
100  H  +  60  O  =  Water. 
100  H  4-  50  O  =  Water. 

aooy  +  4ooH  +  3ooo 

(^,  let  tu  mike    the  same   comparison  by   weight,   wttli 
"hone  to  oxygen  u  a  atandaid.' 

17.5  N  +   50.0  O  =.  Ifitrio  add.1 
~ri7.5  N    +    37.U  H  =1   Ammonia.  ^Nitrate  of  A 
LllLS  H   +  10.0  O  r=  Water.        I 
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which  are  equivalent  to: — 

I7.5N   +  10.0  O  =  Protoxide  of  nitrogen. 

17.5N  +  10.0  O  =  Protoxide  of  nitrogen. 

12.5  II  +  10.0  O  =  Water. 

12.511  +  10.0  O  =  Water. 

12  5 II  +  10.0  O  =  Water. 

12.5  H  +  10.0  O  =  Water. 

35.0  N  +  50.0  H  +  60.0  O 

Here  it  is  evident  that  a  definite  proportion  of  the  crystalliMd 
salt,  formed  by  nitric  acid,  ammonia,  and  water,  is  exactly  equi- 
valent to  two  proportions  of  the  protoxide  of  nitrogen  and  four 
proportions  of  water. 

§  480.  A  similar  relation  exists  between  all  the  com- 
pounds which  result  from  the  action  of  chemical  affinity;  ind 
certain  definite,  unchangeable  quantities  of  the  elementary  sub- 
stances are  equivalent  to  each  other  in  combining,  either  m 
single  or  multiple  proportions:  while  the  amounts  of  the  serenl 
proximate  principles,  so  constituted,  are  also  equivalent  to  one 
another  in  entering  into  secondary  combination. 

This  rule  of  the  sums  of  the  equivalents  of  the  elements  in 
primary  combinations,  constituting  the  equivalents  of  the  pnud- 
mate  principles  of  secondary  combinations,  is  most  importint; 
as  enabling  us  to  decide  between  two  statements  of  the  oon- 
bining  ratios  which  otherwise  might  be  doubtful. 

§  481.  The  full  development  of  the  laws  of  defimiii 
multiple^  and  equivalent  proportions  in  chemical  combinatioi^ 
can  only  be  found  in  the  complete  body  of  chemical  m^ 
ence:  but  it  may  contribute  to  that  clear  idea  of  their  nstan 
and  scope  which  it  is  desirable  to  obtain  at  the  outset,  to  illni- 
trate  them  by  the  mutual  exchange  of  principles  which  11117 
take  place  between  two  salts  by  double  decompoaitiony  n' 
which  may  be  effected  without  going  beyond  those  faraH  d 
matter  with  which  the  course  of  our  inquiry  has  alieady  itA 
us  acquainted. 

We  have  ascertained  the  composition  of  carbonic  waA^  Mk 
by  analysis  and  synthesis,  to  be  per  cent  72.73  oxygen  ail 
27.27  carbon  (§  445).  With  reference  to  our  standnd  or  10* 
oxygen^  the  carbon  would  be  3.75:  for 

Ozjgen         Stan-  Carbon, 

percent.        dard.  peroent        Gkiboa, 

73.73     :     10.0  VJSfl     :     S.7B 
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75  therefore,  or  some  simple  multiple  of  this  amount,  of 
)onic  acid,  ought  to  be  equivalent  to  67.5  of  nitric  acid  in 
ibining  with  21.25  of  ammonia. 

Upon  making  the  experiment  with  care  we  shall  find  that, 
n  one  volume  of  carbonic  acid  and  two  volumes  of  ammonia 
nixed  in  a  glass  vessel  over  mercury,  a  complete  condensation 
es,  and  a  saline  body  is  produced  in  the  form  of  a  white 
ier.  It  contains,  in  100  parts  by  weight,  56  carbonic  acid 
14  ammonia;  or,  with  reference  to  10.0  oxygen,  27-5  carbonic 
and  21.25  ammonia:  27-5  therefore  (or  13.75  x  2)  is  the 
(tity  of  carbonic  acid  equivalent  to  67*5  nitric  acid.  Again, 
3  take  100  parts  of  the  salt  of  nitric  acid  and  ammonia, 
iposed  of  NA  67.5  +  A  21.25  +  W  11.25)  and  decom- 
it  by  the  superior  affinity  of  lime,  the  whole  of  the  am- 
ia  will  be  driven  off  and  replaced  by  35.5  parts  of  that  base, 
h  are  therefore  equivalent  to  21.25  of  ammonia;  and  the 
remaining  will  consist  of  67*5  nitric  acid  and  35.5  of  lime. 

{  482.  And  now  we  have  it  in  our  power  to  apply  the 
t  convincing  test  of  the  accuracy  of  the  law  of  reciprocal 
portions;  for  if  we  take  equivalent  solutions  of  the  two  salts, 
formed  of  carbonic  acid  and  ammonia,  and  the  other  of 
ic  acid  and  lime,  and  mix  them  together,  a  double  exchange 
icids  and  bases  will  take  place:  the  carbonic  acid  will 
urate  from  the  ammonia  and  combine  with  the  lime  (and 
compound  carbonate  of  lime  being  insoluble  will  be  thrown 
m  in  the  solid  state):  at  the  same  time  the  nitric  acid 
iiating  from  the  lime  will  combine  with  the  anmionia  (and 
i  remain  in  solution).  The  exchange  will  be  perfect,  neither 
1  nor  base  of  any  kind  will  be  in  excess;  but  the  quan- 
'  of  lime  which  exactly  sufficed  to  neutralize  the  nitric  acid 
I  be  exactly  sufficient  to  neutralize  the  carbonic  acid;  and 
I  quantity  of  ammonia  which  was  combined  with  the  carbo- 
I  acid  will  be  precisely  that  which  is  required  to  enter  into 
tnposition  with  the  nitric  acid.  The  definite  proportions  of 
t  ingredients  of  each  compound  are,  in  short,  equivalent  to 
A  other  in  all  other  compounds  into  which  they  are  capable 
entering  (113). 


a 

(113)  The  relations  of  the  several  eqaivaleots  which  enter  into 
^  composition  of  the  original  and  resulting  compounds,  are  clearly 
^  in  the  jfbllowing  diagram.     On  the  outside  of  the  perpendicular 
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§  483.  As  the  decomposition  of  a  compound 
stronger  attraction  of  some  other  body  for  one  of  its  con 
is  said  to  take  place  by  elective  affinity,  so  this  process  ( 
decomposition  and  recomposition  is  designated  doubl 
affinity;  and  it  sometimes  happens  that  bodies  whicl 
be  separated  by  the  single  divellent  force  of  the  first,  i 
to  the  combined  action  of  the  second. 

§  484.  To  the  other  constituents  of  the  atmosphe: 
we  must  now  add  an  almost  inappreciable  quantity  of  c 
of  ammonia  in  the  gaseous  state.  The  amount  is  so  si 
it  escapes  detection  in  tlie  aeriform  mixture,  but  the  ra 
descends  through  the  different  strata  dissolves  it,  and  tl 
upon  e^'aporation  and  the  addition  of  a  little  muri 
always  yields  a  small  residue  of  saline  matter  cons 
muriate  of  ammonia.  It  communicates  the  property  of 
to  rain-water,  and  minute  as  is  its  quantity,  it  is  belies 
the  source  of  nearly  all  the  combined  nitrogen  in  the 
creation:  for  neither  vegetables  nor  animals  appeal 
directly  upon  the  simple  nitrogen. 

§  485.  The  laws  of  definite,  multiple,  and  en 
proportions  in  compositions  and  decompositions  result 
the  force  of  affinity,  constitute  the  foundation  of  < 
science.  Their  establishment  has  rendered  mathematic 
sion  attainable  in  all  its  reasonings  and  results,  and  £e 


lines  are  placed  the  equivalent  quantities  of  the  original  coi 
the  equivalent  quantities  of  their  proximate   principles  a 


Nitrate  of  Ammonia. 
88J5. 


Nitric  Add.  Ammonia. 

87.6  31.9S 


Niiraleof  Lime./  IctrtMnaiaorAi 

103         \  I  mj$ 


Umc.  CariMBkAdd. 

8ft.6  S7J 


Carbonate  of  lima. 
08.0 


within  the  same  lines.    On  the  outside  of  the  lioriaoBid 
placed  the  new  results,  which  are  made  vp  of  a  dooUt  i 
of  prindplef ;  the  equivalent  proportioiis  remuniiMr  dii 
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study  and  extension.  The  results  of  the  crucible  and  the 
mce  may  thus  be  checked  and  corrected  by  calculations 
ided  upon  general  principles;  while  every  new  fact  at  once 
s  a  place  in  the  general  system^  and  is  brought  into  associa- 
and  comparison  with  previously  known  phenomena  in  a 
the  most  advantageous  to  its  examination.  Every  species 
noi^ganic  matter^  whether  elementary  or  compound^  and 
ly  of  organic  composition^  are  now  included  in  tables  of 
ivalents,  whose  precision  is  such,  that  they  are  capable  of 
tg  transferred  to  logometric  scales;  by  the  sliding  rule  of 
;h  the  expression  of  their  ratios  may  be  changed,  and  calcu- 
ins  facilitated,  as  by  other  sliding  rules. 

§  486.  For  the  unit  of  the  scale,  or  standard  of  compa- 
1,  any  substance  might  be  adopted,  provided  its  combining 
ions  with  a  sufficient  number  of  other  bodies  were  accu- 
y  ascertained;  but  uniformity  of  practice  is  as  much  to  be 
"ed  in  this  case  as  in  those  of  the  thermometer  and  baro- 
jr.     Unfortimately,  however,  the  cultivators  of  science  have, 

again,  sacrificed  a  great  general  convenience  to  minor  and 
ulative  points,  and  two  series  of  numbers  are  now  in  use  to 
;sent  chemical  equivalents;  oxygen  standing  at  the  head  of 

and  hydrogen  of  the  other.  We  have  already  given  an 
iple  of  the  first,  in  the  comparison  which  we  have  made  of 
combining  proportions  of  such  substances  as  we  have  had 
sion  to  refer  to  with  10.0  parts  of  oxygen  (§479).  The 
i  practical  objection  to  the  scale  is,  the  inconvenience  of 
ligh  numbers,  or  the  perpetual  and  necessary  recurrence  of 
ions.  One  of  the  great  advantages  which  a  scale  of  equi- 
ats  offers,  is  its  assistance  to  the  memory,  and  this  is  greatly 
lired  by  the  complexity  of  fractional  numbers. 

§  487.  By  assuming  hydrogen  =  1,  or  unity,  we  obviate 
objection.  Of  all  species  of  matter  it  enters  into  combina- 
in  the  smallest  proportion  by  weight,  and  an  hypothesis 
been  formed,  which  yet,  perhaps,  requires  confirmation,  that 
numbers  representing  other  bodies  are  all  simple  multiples 
s  equivalent.  It  has  been  objected  to  this  suggestion,  which 
►we  to  Dr.  Prout,  that  it  is  purely  hypothetical  and  almost 
ifiil;  but  the  more  accurate  our  analyses  become,  the  nearer 
ars  to  be  the  coincidence  of  facts  with  the  theory:  indeed, 
now  admitted  that  the  equivalents  of  the  elements  which 
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stand  lowest  upon  the  scale,  and  by  which  alone  its  t 
be  tested,  may  be  represented  by  whole  numbers  on  th 
gen  scale,  with  as  high  a  degree  of  probability  of  accurs 
any  fractional  numbers  which  may  be  substituted  fc 
The  notion  is  doubtless  founded  upon  a  sense  of  that 
symmetry  and  simplicity  which,  the  more  we  inquire  t 
we  find  pervading  all  the  works  of  the  creation;  and  ^ 
recollect  that  in  the  most  perfect  of  all  the  sciences,  t 
of  Kepler  themselves,  which  have  been  so  amply  confi 
the  triumphant  progress  of  Astronomy,  were  derived  frou 
views  of  the  geometric  harmony  of  nature,  we  are  incl 
to  reject  this  view  of  numerical  harmony  in  the  compc 
bodies,  until  actually  proved  to  be  inconsistent  with  the 
results  of  accurate  experiment.  Some  other  curious  reL 
the  same  numbers  indicating  a  harmony  of  the  whol 
may  be  beyond  our  present  comprehension,  we  shall  ta 
sion  hereafter  to  point  out.  In  the  mean  time  we  cai 
here  apply  a  remark  of  Sir  John  Herschel,  that  ^'the 
simplicity  which  characterises  the  theory  is  of  itself  no 
vocal  indication  of  its  elevated  rank  in  the  scale  of 
truths.^'  In  the  great  majority  of  cases,  the  difference 
any  fraction  and  its  nearest  whole  number  (eJIs  within  tl 
of  the  errors  necessarily  attendant  upon  the  present  n 
experimenting,  and  on  these  accounts  we  shall  pre 
hydrogen  standard  for  our  present  purpose. 

The  following  are  the  equivalents,  upon  the  hydrogi 
of  the  several  elements  and  their  compounds  which  ^ 
hitherto  examined. 

Table  XXXIX.     Of  Equivalents. 

Elbmbnts. 

Hydrogen          ...  1 

Ciurbon                ...  6 

Oxygen              ...  8 

Nitrogen            ...  14 

Primart  Comfounm. 
Water  .  H  +      O  . . .    9  Linw 

Ammonia.  •  .  N  +  3  H  .  . .  17 
Carbonic  acid  •  •  C  +  2  O  . . .  22 
Protoxide  of  nitrogen.  N  +  O  •  •  •  22 
Deutoxide  of  nitrogen  N  +  2  O  .  • .  30 
Hjponitroas  add  .  N  +  3  O  . . .  38 
Nitrous  add  .  N  +  4  O  . .  •  46 

Nitric  add  .  N  +  6  O  . . .  64 
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Sroondart  Compounds. 


Carbonate  of  Ammonia 

(C  +  2  0)  +  (N  +  3  H) 

.  39 

Carbonate  of  lime 

(C  +  2  0)  +  (L)     .      . 

.  50 

N'itrate  of  Ammonia 

(N  +  5  0)  +  (N  +  3  H) 

.  71 

^f  itrate  of  Lime 

(N  +  5  0)  +  (L)     .      . 

.  82 

§  488.  A  little  reflection  upon  this  very  limited  table  will 
nee  us^  that  the  great  advantage  of  representing  the  com- 
^  proportions  of  different  substances^  with  reference  to  a 
ion  standard,  over  the  former  mode  of  stating  them  per 

consists  in  its  furnishing  us^  not  only  with  their  ratios  in 
^ven  compound^  but  their  relations  in  every  other  com- 
i  into  which  it  is  possible  for  them  to  enter.     In  addition 

other  advantages  the  facilities  which  such  a  scale  affords 
t  memory  are  obvious  and  important^  and  may  be  extended 
nsidering,  that  if  we  take  the  equivalent  numbers  of  each 
us  element  to  represent  its  weight  in  grains^  46.8  cubic 
s  wiU  be  the  corresponding  combining  volume  of  all  except 
in,  which  combining  in  half  volumes  will  be  represented 
\A  cubic  inches;  and  thus  the  specific  gravity  of  every 
OS  compound  may  readily  be  ascertained.  As  an  example: — 
appose  we  wish  to  ascertain  the  weight  of  100  cubic  inches 
omonia. 

46.8  cubic  inches  Nitrogen         .         •     14 
46.8  X  3  cubic  inches  Hydrogen        .         .       3 

"It" 


snsed  into  93.6  cubic  inches. 

Cub.  In.    Cab.  In.        Grains.     Gtrains. 
Therefore     93.6     :     100     :  :     17    :     18.6 

:  100  cubic  inches  of  Carbonic  acid, 

46.8  cubic  inches  Oxygen  .16 

Carbon  .  6 


22 


hange  of  volume. 

Cub.  In.    Cub.  In.        Grains.    Grains. 
Therefore     46.8     :     100  22     :    47 

lie  converse  operation  of  determining  the  equivalent  of  a 
Tom  its  specific  gravity  is  too  obvious  to  require  the  illus- 
on  of  an  example. 

§  489.  Before  we  proceed  to  examine  some  other  im- 
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portant  combinations  of  the  four  chemical  elements  whic 
have  thus  established,  we  will  make  two  or  three  addii 
remarks  upon  nomenclature,  and  the  system  of  what  is  < 
chemical  notation. 

Secondary  compounds,  or  salts,  derive  tlieir  present  gi 
names  from  the  acid  which  they  are  supposed  to  contair 
termination  ic  being  changed  into  ate,  and  ous  into  ite.  ' 
a  salt  of  the  car])onic  acid  is  a  carbonate;  of  the  nitric  ai 
nitrate;  of  the  nitrous  acid,  a  nitrite;  of  the  hypo-nitrous 
a  hypo-nitrite.  Their  specific  names  are  taken  from  the 
their  bases  or  oxides;  as  carbonate  of  ammonia,  car1)ona 
lime,  nitrate  of  ammonia,  &c.  When  a  metal,  by  did 
combinations  with  oxygen,  forms  more  than  one  base, 
salts  are  distinguished  like  the  oxides,  by  the  Greek  ord 
thus,  the  /wo/o-nitrate  of  mercury  indicates  a  combinati< 
nitric  acid  with  the  protoxide  of  that  metal;  while  the 
nitrate  of  mercury  designates  another  salt,  into  the  constit 
of  which  the  peroxide  enters. 

§  490.  Sometimes  an  acid  enters  into  combination 
a  base  in  a  greater  proportion  than  that  of  single  equival 
the  law  of  multiple  proportions  being  still  maintained; 
excess  of  acid  is  indicated  1)y  Latin  prefixes  of  quantity: 
we  have  the  6i-carbonate  of  ammonia,  and  the  sesqui^-caiiH 
of  ammonia;  the  former  containing  two  equivalents  of  the 
and  the  latter  an  equi\'^lent  and  a  half. 

On  the  other  hand,  the  base  may  predominate  ovei 
neutral  equivalent,  when  Greek  prefixes  are  employed:  tfa 
combination  of  two  equivalents  of  oxide  of  lead,  and  oi 
nitric  acid,  is  called  the  rff-nitrate  of  lead;  of  three  equival 
tris-nitmte  of  lead,  &c. 

§  491.  We  have  already,  in  two  or  three  instances, 
recourse  to  a  kind  of  short-hand  representation  of  the  coi 
sition  of  bodies,  formed  of  the  initial  letters  of  the  se 
elementary  substances  connected  together  by  Algebraical  i 
and  numbers:  the  convenience  of  such  a  system  of  abbien 
in  many  cases,  is  obvious,  and  it  is  capable  of  oonaida 
and  advantageous  extension,  provided  it  be  done  191 
uniform  and  distinct  plan. 

Each  element  may  be  represented  by  the  initial  kttor  ^ 
Latin  name,  adding  a  smaller  letter  of  distinction  lAaMtV 
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more  1)^n  with  the  same  letter^  and  the  sign  may  represent^  at 
the  same  time^  its  relative  combining  proportion  or  equivalent 
niunber.  Several  equivalents  of  the  same  substance  may  be 
indicated  by  placing  figures  before  the  letter.  Thus^  N^  will 
not  only  stand  for  nitrogen,  but  14  nitrogen,  and  4  N,  will 
denote  four  equivalents  of  that  element.  The  combinations  of 
elements  are  most  clearly  expressed  by  the  interposition  of  the 
Algebraic  sign  of  addition  +;  thus,  N  +  5  O,  represents  the 
nitric  acid;  and  secondary  combinations  may  be  concisely,  and 
It  the  same  time  fully,  described  by  placing  the  elements  of 
each  proximate  principle  within  brackets,  or  by  connecting 
them  together  by  a  line.  Thus  (N  +  5  O)  +  (N  +  3  H,) 
represents  the  nitrate  of  ammonia,  and  C  +  20  +  N  +  3H, 
the  carbonate  of  ammonia.  A  figure  placed  by  the  side  of  a 
letter,  affects  only  the  equivalent  which  the  letter  represents; 
but  placed  outside  a  bracket,  affects  all  the  symbols  within: 
dws,  2  (C  +  2  O)  +  (N  +  3  H,)  signifies  the  bicarbonate  of 
ammonia. 

§  492.  The  system  of  notation,  however,  of  Doctor 
Uebig  has  now  nearly  superseded  every  other;  he  generally 
dispenses  with  the  use  of  the  Algebraic  signs,  and  effects  his 
object  by  the  mere  juxtaposition  of  Ijie  letters  expressing  the 
equivalents  of  different  bodies,  and  two  kinds  of  figiires;  one 
lup,apon  the  line  with  the  letters  and  preceding  them,  the 
other  small  and  placed  below  the  line  after  the  letters.  The 
hit  denote  only  the  number  of  equivalents  of  tlie  substance 
vbow  letter  they  follow,  the  first  multiply  the  quantities  to 
^'bidi  they  are  prefixed. 

Hum  N  stands  for  an  equivalent  of  Nitrogen. 

O     „  „  Oxygen. 

NO  „  „  Protoxide  of  nitrogen. 

N0^„  „  Nitric  acid. 

NOp  NH  „  Nitrate  of  ammonia. 

CO,,  NH,  y,  Carbonate  of  ammonia. 

SCO,  +  NH,  M  Bicarbonate  of  ammonia. 

TIm  pnndnuite  principles  of  a  secondary  compoimd  being 
^  wpawted  by  a  ft^mTnuj  or  by  the  sign  of  addition.  The 
^>ta^  nin  be  amply  iUnstrated  as  we  proceed.    Other  oon- 

we  ahall  notice  as  occasion  may  require. 

3  A 
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Compounds  of  Oxygen  and  Hydrogen. 

§  493.  Besides  water,  there  is  another  comi 
oxygen  and  hydrogen,  which  is  of  late  discovery.  Il 
ration  is  founded  upon  the  property  which  the  pen 
some  metals  possess  of  throwing  off,  under  the  influei 
acid,  one  or  more  equivalents  of  their  oxygen,  by  whicb 
reduced  to  the  state  of  protoxides,  with  which  alone 
can  combine.  Thus,  if  strong  sulphuric  acid  (or  oil  o 
be  mixed  with  peroxide  of  manganese,  pure  oxygen  ga 
collected  from  it  to  the  amount  of  one  equivalent,  Yt 
half  the  amount  can  be  collected  from  the  same  quant 
peroxide,  by  heat,  in  the  process  which  we  formerly 
(§418).  A  protoxide  of  manganese  is  thus  produa 
forms  a  salt  with  the  acid.  In  the  same  way  the  pe 
another  metal,  barium,  is  incapable  of  uniting  with  i 
passes  under  their  influence  into  the  state  of  protoxi 
readily  enters  into  combination  with  them.  When  th 
is  conducted  with  the  necessary  precautions,  particulai 
maintaining  a  low  temperature,  the  oxygen  which  is 
instead  of  escaping  in  the  form  of  gas,  unites  with  the 
of  the  water,  and  constitutes  a  binoxide  or  peroxid 
element.  The  process  is  long,  tedious,  and  expensive 
not  necessary  for  our  purpose  to  enter  upon  its  de 
product  is  very  unstable,  and  can  only  be  preserved 
tubes  surrounded  by  ice. 

§  494.  Peroxide  of  hydrogen  is  a  colourless  tr 
liquid,  inodorous,  and  of  a  metallic  taste.  Its  specific 
1.452,  and  it  consequently  falls  to  the  bottom  of  n 
syrup,  but  ultimately  mixes  with  that  liquid  in  any  po 
It  evaporates  much  more  slowly  than  water  in  vs 
therefore,  its  solution  may  be  concentrated  under  th 
of  an  air-pump.  It  retains  its  liquid  state  at  great  t 
cold.  It  has  strong  bleaching  powers,  instantly  € 
vegetable  colours,  and  whitens  the  skin  and  tiie  ton 
brought  into  contact  with  them.  It  is  deoomposed  wi 
sive  violence  by  the  sudden  q>plication  of  a  ten^ 
212^,  and  rapidly  evolves  oxygen  even  at  fifl^»  1 
contact  of  most  metals  is  sufficient  to  dewimpoae  i^d 
peroxides  act  upon  it  with  surprising  enogy.  '^mjlk 
silver,  far  instance,  the  daoomposiftion  is  ririi«|ihliiii(||i 
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taneous ;  oxygen  gas  is  evolved  so  rapidly  as  to  produce  a  kind 
of  detonation ;  and  such  intense  heat  is  disengaged  that  the 
glass  tube  in  which  the  experiment  is  conducted  becomes  red- 
bot  Acids^  on  the  other  hand^  have  the  property  of  rendering 
the  compound  more  stable.  Its  careful  analysis  has  proved  it 
to  be  a  definite  compound  of  one  equivalent  of  hydrogen  and 
two  equivalents  of  oxygen,  or  HOj  (114). 

Compounds  of  Carbon  and  Oxygen, 

$  495.  We  have  seen  (§  445)  that  the  compound  which 
is  formed  by  the  direct  action  of  carbon  and  oxygen  upon  one 
mother,  is  a  gaseous  acid  in  which  the  proportions  of  the  two 
logredients  are,  per  cent.  27.27  carbon,  and  72.73  oxygen :  this 
is  tbe  proportion  of  3  :  8,  and  if  this  were  the  only  combination 
of  the  two  elements,  3  would  be  the  equivalent  of  carbon  upon 
the  hydn^n  scale.  But  according  to  another  experiment 
[{481),  11  does  not  represent  the  equivalent  of  carbonic  acid, 
iMit  twice  11;  for  56  parts  of  carbonic  acid  combine  with  44  of 
unmonia ;  which  is  the  proportion  of  22  :  1 7-  Hence,  alone,  we 
nay  suspect  that  carbonic  acid  contains  in  its  constitution  more 
han  one  equivalent  of  oxygen,  and  that  there  may  be  other 
xmipounds  of  the  two  elements. 

§  496.  If  instead  of  exposing  carbonate  of  lime,  or  lime- 
stone, alone  to  a  high  heat,  in  which  case  we  have  seen  (§  425) 
hi  we  obtain  carbonic  acid,  we  mix  it  intimately  in  a  pow- 


(114)  The  constitution  of  the  peroxide  of  hydrogen  may  be  thus 
i^picsented: — 


HydfOfpHi. 

1 

8 

Oxygco. 
8 

Uqnld 
^       Peroadda  of  Hydrogen.  17 


Dm  proportions  per  cent  which  would  agree  with  this  view  would 

Theory.  Analysis  of  Thenard. 

Hydrogen  5.9  6.02 

Uayinii  •         •         .       il4.l     •         •         •     <i«5««io 

100.0    .         .         .  100.00 


We  cm  have  no  hesiCation  in  here  adopting  the  corTeGtion  whioh 
mtf  lAirift  to  tte  nralta  of  ozperiment. 

2x3 
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dered  state  with  some  substance  which  has  a  high  afiii 
oxygen^  as  charcoal  or  iron  filings^  we  shall  by  the  same 
obtain  a  gaseous  product  which  may  be  coUected  over  wi 
Carbonic  oxide  is  considerably  ligliter  than  carboni 
100  cubic  inches  only  weighing  30.2  grains.  It  is  speed! 
to  animals,  extinguishes  flame,  but  bums  with  a  pa! 
flame  when  mixed  with  atmospheric  air.  It  is  colourU 
tasteless,  but  possesses  a  faint  unpleasant  smell.  Whc 
of  it  is  burned  in  a  cold  receiver,  no  water  is  condensed,  ] 
that  it  contains  no  hydrogen ;  but  the  product  of  the  c 
tion  precipitates  lime-water.  When  two  volumes  of  tl 
and  one  of  oxygen,  are  exposed  to  an  electric  spark  det 
ensues,  and  two  volumes  of  carbonic  acid  are  produced :  ] 
that  it  contains  half  as  much  oxygen  and  the  same  qua] 
carbon,  as  an  equal  volume  of  carbonic  acid.  In  th< 
substance,  we  have  6  carbon  combined  with  16  oxygen; 
former,  6  carbon  are  combined  with  8.  Hence,  we  a 
6  to  be  the  equivalent  of  carbon ;  and  as  the  inflamma 
has  no  acid  nor  alkaline  properties,  we  denominate  it  c 
oxide.  In  the  process  just  described  for  making  it,  astl 
expels  carbonic  acid  from  the  carbonate,  the  charcoal 
iron  deprives  it  of  half  its  oxygen  (115). 

The  formula  of  carbonic  oxide  is     .     .     CO 
n       of  carbonic  acid     ...     C  Of 


(115)  Carbon,  as  we  have  already  stated  (§  423),  has  nevi 
elementary  state  been  raised  in  vapour;  but,  nevertheless,  in 
its  compounds  as  assume  the  gaseous  state,  its  constituent  | 
must  have  a  gaseous  arrangement.  Upon  the  hypothesis  that 
simple  substances,  except  oxygen,  it  enters  into  combination  ii 
volumes  of  its  vapour,  we  can  calculate  its  specific  gnvit 
represent  its  combinations  by  the  usual  symbols;  thus,— 


Carbon. 
6 

Ozyven. 

S 

II                11 

Caitonlc 
Ctaddt. 

14 

and 

CMbon. 
6 

Oxyicn. 

8 

Aflid. 

n 

8 

At  when  carbon  is  biunt  in  osjgen  ga%  ths  httar 
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§  497-  There  is  another  compound  of  carbon  and  oxygen^ 
lich  stands  uitermediate  in  constitution  between  carbonic 
ide  and  carbonic  acid^  but  possesses  very  distinct  and  marked 
operties.  It  may  be  produced  by  acting  upon  ahnost  every 
getable  substance  by  nitric  acid.  By  introducing  into  a  retort 
e  part  of  sugar  and  four  parts  of  nitric  acid^  diluted  with  half 
bulk  of  water,  much  deutoxide  of  nitrogen  is  given  off;  and 
on  evaporating  about  one-third  of  the  liquid,  the  remainder, 
on  cooling,  will  shoot  into  white  crystals.  These  may  be 
rified  by  re-solution  and  crystallization,  and  will  then  be 
ind  to  have  the  form  of  a  right  rhombic  prism,  and  to  be 
ensely  acid.  They  are  soluble  in  nine  parts  of  water  at  60° ; 
en  carefully  exposed  to  a  temperature  not  exceeding  100° 
hrenheit,  they  lose  about  one-third  of  their  weight  of  water, 
i  fall  into  a  white  powder.  Water  thus  combined  with 
ratals  in  equivalent  proportions,  is  called  their  water  of  crys- 
lization,  and  they  can  part  with  it  without  interfering  with 
sir  chemical  characters.  When  heated  to  about  330°  the 
d  sublimes,  and  upon  cooling  forms  acicular  crystals.  Mixed 
th  sulphuric  acid  and  gently  heated,  it  is  rapidly  resolved  into 
aal  volumes  of  carbonic  oxide  and  carbonic  acid.  According 
its  careful  analysis  it  is  composed  of  one  equivalent  of  each 
these  gases  united  in  the  crystals  with  three  equivalents  of 
iter,  and  in  the  sublimed  acid  with  one  equivalent ;  without 
lich,  like  the  nitric  acid,  it  cannot  exist  unless  in  combination 
ith  a  base.  The  sulphuric  acid  from  its  strong  attraction  for 
Iter  abstracts  it  entirely,  and  resolves  the  compound  into  its 
mstituent  gases.     It  enters  into  combination  with  ammonia 


laoge  of  Tolume,  and  as  100  cubic  inches  of  carbonic  acid  weigh 
7<8  grains,  if  we  deduct  from  this  the  weight  of  100  cubic  inches  of 
sygen,  34.6  grains,  the  remainder,  13.2  grains,  will  be  the  weight  of 
^  cubic  inches  of  the  vapour  of  carbon  upon  the  view  which  we 
*ye  just  stated.  Hence,  the  weight  of  100  cubic  inches  of  carbonic 
^de  would  be : — 

100  cubic  inches  vapour  of  carbon  13.2 
50  cubic  inches  oxygen     .     .     .  17*3 

soTs 


Tdch  agrees  with  the  result  of  direct  experiment. 

If  we  were  to  adopt  the  hypothesis  that,  like  oxygen,  carbon  enters 
^  combination  in  the  proportion  of  half  a  volume  of  its  vapour,  it 
^^d  be  easy  to  modify  the  symbob  and  numbers  accordingly. 
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and  other  bases  in  the  equivalent  proportion  of  36,  whidi 
agrees  with  the  equivalent  thus  derived  from  its  analysis:  ai 
CO+CO«=36. 

It  is  called  the  oxalic  acid  as  being  a  product  of  vegetatki^ 
and  found  in  the  oxalis  acetosellay  or  wood  sorrel,  in  combinir 
tion  with  potassa. 

.    §  498.  Oxalic  acid  may  be  artificially  formed  by  a  totafl; 
different  process  to  that  which  has  been  just  described;  aai 
perhaps   Bothing  can   better  show  the  fixedness   of  chemiat^ 
combinations  than  the  contrast  of  the  two.     When  sugar 
saw-dust  is  heated  to  a  temperature  of  about  400%  in 
with  four  or  five  times  its  weight  of  potassa,  they  fuse  togetlii^.j 
swell  up,  and  give  out  hydrogen.     When  the  remaining 
dissolved  in  water  and  gently  evaporated,  crystals  of  oxakiii 
potassa  may  be  obtained  from  it.     Under  the  influence  of 
alkali,  at  a  high  temperature,  the  carbon  derives  the 
which  is  necessary  for  its  conversion  into  oxalic  acid,  from 
decomposition  of  water  and  the  evolution  of  hydrogen:  undtt^ 
the  influence  of  the  nitric  acid,  it  derives  the  same  amool: 
from  the   decomposition    of  the   acid,  and   the   evolution  rf 
deutoxide  of  nitrogen. 

The  oxalic  acid  very  readily  takes  the  oxygen  whidi  ii 
necessary  for  its  conversion  into  carbonic  acid  from  other  cam^ 
pounds,  and  thus,  when  its  solution  is  poured  into  a  solutioatf 
nitrate  of  mercury  and  some  other  metallic  salts,  the  oxide  * 
decomposed,  and  the  metal  is  precipitated.  One  equivalent  d 
oxalic  acid  is  thus  converted  into  two  equivalents  of  carboMi 
acid,  by  the  absorption  of  one  equivalent  of  oxygen,  COf 
C0«  +  0=2C0g. 


Compounds  of  Carbon  and  Hydrogen. 

§  499.  A  history  of  all  the  combinations  of  carbon  wooH 
comprise  the  whole  range  of  organic  chemistry:  and  •■ 
account  of  all  its  compounds  with  hydrogen,  which  stand  nest 
in  the  order  of  our  inquiry,  would  be  little  less  extensive.  W* 
shall  hereafter  attempt  an  outline  of  the  philosophy  of  tbi> 
department  of  chemistry  which  may  serve  as  some  guide  to  tk 
student  through  the  immense  and  almost  bewildering  moHilw' 
city  of  facts  and  speculations  which  the  activity  of  modem 
investigation  has  heaped  upon  it :  in  the  mean  time,  not  to  Jf^ 
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rer  the  peculiar  illustrations  which  this  important  element 
fords  of  the  nature  and  action  of  the  force  of  affinity^  we  will 
tXMxed  to  examine  two  of  the  most  simple  compounds  of 
irbon  and  hydrogen^  both  of  which  are  natural  products  in 
irticmlar  situations.  We  can^  however^  best  obtain  them  for 
Eperiment  by  processes  which  we  will  describe  without,  at 
"esent,  attempting  their  explanation. 

$  500.  If  a  measure  of  alcohol  be  mixed  with  two 
easores  of  sulphuric  acid,  placed  in  a  retort,  and  a  gentle  heat 
iplied,  the  mixture  will  very  soon  blacken,  become  thick,  swell 
1^  and  give  off  gaseous  matter,  which  may  be  collected  over 
Iter.  When  this  gas  has  been  well  washed  with  lime  water, 
has  a  specific  gravity  of  about  980,  and  100  cubic  inches 
dgh  nearly  30  grains.  When  quite  pure  it  has  but  little  odour, 
id  is  colourless.  It  bums  in  the  atmosphere  with  a  bright 
Oowish  flame.  It  will  not  support  life,  and  instantly  extin- 
Dshes  flame.  When  one  volume  of  this  gas  is  mixed  with 
re  of  oxygen,  the  mixture  will  detonate  by  the  electric  spark. 
biee  volumes  only  of  the  oxygen  will  be  consumed,  and  two 
ihunes  of  carbonic  acid  will  be  produced  with  water.  Two 
ihunes  of  carbonic  acid  indicate  two  equivalents  of  carbon, 
hich  must  previously  have  been  combined  with  two  volumes 
r  hydrogen,  which  now  form  water  with  the  remaining  volume 
r  oxygen,  and  the  whole  must  have  been  condensed  into  one 
ofanne.  This  deduction  is  confirmed  by  the  specific  gravity 
Fthe  gas.  It  has  been  named  bi-hydra-carbon,  and  is  sometimes 
aUed  olefiant  gas^  from  a  property  to  which  we  shall  hereafter 
efer.  The  results  of  its  detonation  with  oxygen  gas  may  be 
xpressed  in  symbols  thus : 

C,H,  +  60  =  2C0„  2H0 

Olefiant  gas  may  be  decomposed  by  mere  heat,  and  by 
[ittnng  it  through  tubes  heated  to  a  white  heat,  it  will  deposit 
Ae  whole  of  its  carbon,  and  become  expanded  into  two  volumes 
(rfpore  hydrogen. 

§  501.  At  a  lower  temperature,  or  a  red  heat,  it  parts 
^ith  only  half  its  carbon,  without  expansion  of  volume,  and  is 
Averted  into  another  compound  of  the  same  elements,  named 
^^'i'CarbureUed  hydrogen. 

This  gas  is  abundantly  formed  in  stagnant  pools  of  water  by 
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the  spontaneous  decomposition  of  vegetable  matters,  and 
be  procured  by  stirring  up  the  mud^  and  coUecting  it  in  inv 
bottles.  It  is  also  given  out  by  certain  seams  of  coal  in 
mines,  and  constitutes  what  the  miners  call  the  Jire-damp, 
when  subjected  to  distillation  in  iron  retorts  gives  off  thi 
mixed  with  the  former  in  abundance^  and  the  mixture  const! 
the  common  coal  gas  which  is  now  so  largely  employed  to 
purposes  of  illumination. 

It  may  be  obtained  pure  by  the  decomposition  of  a  vegc 
salt  known  by  the  name  of  acetate  of  potassa.     About 
parts  of  this  salt  and  hydrate  of  potassa  are  to  be  mixe< 
heated   nearly   to   redness   in   a  glass  retort;    subcarbai 
hydrogen  will  pass  off  and  may  be  collected  over  water. 

§  502.  Subcarburetted  hydrogen  is  a  colourless,  t 
less,  permanent  gas,  soluble  in  very  minute  proportioi 
water,  and  inflammable.  It  burns  with  a  yellow  flame,  but 
not  give  out  so  much  light  as  the  bihydrocarbon ;  100  < 
inches  only  weigh  16.94  grains.  When  mixed  with  atmosp 
air,  or  oxygen,  in  certain  proportions,  it  explodes  with 
violence  upon  contact  with  flame,  or  an  electric  spark, 
decompose  it  completely,  it  is  necessary  to  mix  it  ^ith  i 
more  than  twice  its  bulk  of  oxygen,  but  exactly  two  vol 
are  taken  up  by  one.  Water  and  carbonic  acid  are  prod 
the  latter  being  exactly  equal  to  the  original  bulk  of  th 
flammable  gas.  From  these  data,  it  is  easily  inferred  to 
compound  of  two  equivalents  of  hydrogen  and  one  of  a 
condensed  into  one  volume. 

CH,  +  40  =r  CO.,  2  HO 

§  503.  Now,  all  the  common  but  highly  intert 
phenomena  of  flame  are  dependent  chiefly  upon  the  gr 
combustion  of  the  various  elastic  compoiuids  of  caibon 
hydrogen,  and  we  must  turn  aside  for  a  short  time  to  en 
the  constitution  of  this  purest  form  of  the  classical  dement 
the  properties  of  which  could  not  have  been  — ^Ah 
illustrated  without  some  previous  acquaintance  with  tiiese  I 
of  matter.  Flame  is,  in  all  ordinary  cases,  die  oomlmilii 
explosive  mixtures  of  inflammable  gases  or  Tqwan 
common  air,  in  different  proportions;  and,  when  wiBtiiiW 
maintained  by  an  uninterrupted  flow  of  these  elastifrftBii 
the  atmosphere,  with  which  they  slowly  mingle.    Ite  xm 
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lies  place  chiefly  at  the  surfaces  of  the  gases  in  contact^  and 
Misequently  the  inflammation  is  only  superficial;  a  sheet  of  flame 
arrounding,  as  it  were,  a  reservoir  of  gaseous  combustible  matter. 
here  are  many  ways  of  proving  this;  as  by  bringing  a  thin 
leet  of  platinum  foil  down  upon  the  flame  of  a  large  spirit- 
mp^  and  thus  truncating  it^  when  a  red-hot  ring  will  appear 
son  the  metal  coincident  with  the  edge  of  the  flame,  and 
stifying  by  its  dark  centre  to  the  coldness  of  the  interior.  A 
eoe  of  paper  brought  suddenly  down  upon  the  flamed  a 
ndle  will  often  illustrate  the  same  fact,  by  exhibiting  a 
orched  ring  surrounding  a  white  centre  (116). 

If  we  ignite  a  piece  of  phosphorus  in  a  metallic  spoon,  and 
unge  it  into  the  body  of  a  large  flame,  it  will  be  instantly 
:tinguished,  owing  to  the  want  of  oxygen  to  maintain  its  com- 
istion;  and  it  will  thus  afibrd  a  very  striking  proof  of  the 
lint  in  question.  The  ordinary  tapering  form  of  flame  is 
ring  to  the  ascensional  force  of  the  heated  gases  rising  in  the 
lid  surrounding  medium. 

§  504.  The  quantity  of  light  which  flame  emits  is  depen- 
mt  upon  the  incandescence  of  minute  particles  of  solid  matter, 
liich  are  thrown  off  during  the  combustion,  and  those  flames 
hose  immediate  products  are  only  gaseous  matter  give  very 
ttle  light.     We  have  already  noticed  (§  287)  that  an  ignited 


(116)  In  fig.  1  we  are  |presented  with  a  horizontal  section  of  the 
ame  of  a  candle,  exhibiting  the  ring  of  light  surrounding  the  interior 
ark  part  of  the  cone. 

Fig.  2  exhibits  a  perpendicular  section  of  the  flame. 

By  inserting  a  small  glass  tube,  a  6,  fig.  3,  into  the  central  dark 
wrt,  Oy  the  infliimmable  gaseous  matter  of  which  it  consists  will 
itcend  in  it,  and  may  be  lighted  so  as  to  form  a  second  flame  at  a 
lirtance  from  the  first. 


(D 


Fig.  1.  Fig.  2.  Fig.  3. 
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jet  of  mixed  oxygen  and  hydrogen^  notwithstanding  its 
heating  powers,  is  scarcely  visible  in  day-light;  but  tha 
bodies,  such  as  platinum,  and  particularly  lime,  held 
radiate  light  of  great  intensity.  If  some  solid  body,  as  o: 
zinc,  or  powdered  charcoal,  be  projected  through  a  fli 
hydrogen,  it  immediately  becomes  luminous. 

The  different  forms  of  hydra^arbofij  as  the  compon 
hydrogen  and  carbon  are  generically  called,  give  out  I 
consequence  of  tlie  particles  of  solid  carbon  which  thi 
engage  during  their  combustion,  and  they  are  lumin 
proportion  to  the  carbon  which  they  contain.  When  th< 
i)ustion  is  perfect,  the  solid  matter  itself  is  wholly  bun 
when  there  is  an  excess  of  oxygen  but  little  light  is  givi 
but  if  the  quantity  of  oxygen  be  deficient,  it  is  deposited 
form  of  soot.  The  perfection  of  a  lamp,  or  candle,  o: 
means  of  artificial  illumination,  consists  in  such  a 
supply  of  air  to  the  hydrocarbon  employed,  as  is  com 
with  the  gradual  precipitation  of  the  charcoal,  and  i1 
sequent  complete  oxidation. 

§  505.  For  the  purpose  of  increasing  the  heat  of 
and  concentrating  it  upon  any  desired  point,  common  a 
sometimes  oxygen,  is  projected  into  their  interior  by  m 
what  are  called  blowpipes,  or  tubes  of  glass  or  metal  pi 
for  the  purpose.  Combustion  is  thus  carried  on  in  the  i 
as  well  as  the  exterior  of  a  flame,  and  its  completeness  is 
by  the  conversion  of  the  smoky,  red  light  of  a  lamp 
beautiful  cone  of  pale  blue  light. 

§  506.  The  heat  of  flames,  even  of  those  which  gr 
light,  as  of  hydrogen  and  spirits  of  wine,  is  very  greats 
essential  to  their  existence.  The  combustion  of  many 
mable  substances  may  be  carried  on  at  a  temperature 
that  which  is  necessary  to  their  inflammation  (117)*  1% 
jet  of  the  gaseous  hydrocarbons  be  allowed  to  escape  n 
air,  and  a  red-hot  coil  of  platinum  wire  be  introdnoed  inic 


(117)  Two  arrangements  for  effiecting  this  dowoomlail 
here  represented. 

In  fig.  1  a  small  coil  of  fine  platiniun  wire  is  pbwed  q 
wick  of  a  lamp,  trimmed  either  with  spirit  of  wine  or  cdM 
lamp  is  lighted,  and  when  the  wire  has  become  ledUot  Afi 
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I  will  be  maintained  at  a  red  heat^  and  the  gas  will  be 
Bumed  invisibly;  but  if  the  temperature  of  the  wire  be 
wed  to  rise  to  a  white  heat,  it  immediately  bursts  into 
le. 

This  being  the  case^  it  follows  that  flame  may  be  put  out  by 
ling  the  combining  gases;  and  accordingly  if  we  bring  a 
oder  of  brass  down  upon  a  jet  of  burning  vapour  or  gas,  we 
1  diminish  its  volume,  and  possibly  extinguish  it  by  its  good 
ittcting  power.  If  a  stout  metallic  wire  be  held  in  a  flame, 
ark  ring  may  be  observed  all  round  it,  and  it  will  never 
ear  to  touch  it.  A  second  wire  held  by  the  side  of  the  first 
lid  increase  the  dark  space,  and  the  dark  rings  would 
eaoe*  By  multiplying  the  number  of  wires,  or  holding  a 
96  of  wire  gauze  in  their  place,  the  flame  would  appear  to  be 
idy  cut  off  on  the  top.  The  cooled  gases,  however,  would 
flow  on  in  their  course,  and  might  be  rekindled  upon  the 
lar  side.  Science  is  indebted  to  Sir  Humphry  Davy  for  the 
elopment  of  these  principles,  and  the  arts  and  humanity  owe 
he  same  illustrious  philosopher  their  successful  application 
he  invention  of  the  miner's  safety-lamp  (118). 

ienlj  extinguished.     The  wire  will  continue  to  glow  as  long  as 
of  die  combustible  4iquid  remains  to  maintain  the  temperature  by 
ikw  combustion. 


Fig.  1.  Fig.  2. 

In  fig.  2  we  are  presented  with  a  coil  of  fine  platinum  wire,  which 
I  been  previously  heated  by  holding  it  in  the  flame  of  a  spirit  lamp, 
1  tlien  plunged  into  a  jar  containing  a  litde  ether.  It  will  continue 
$iow  in  the  mixture  of  vapour  and  air  till  the  ether  is  all  con- 
led.  If  the  temperature  should  rise  to  a  white  heat,  the  whole  will 
It  into  flame. 

(118)  In  fig.  1,  next  page,  we  are  presented  with  the  appearance  of 
use,  upon  which  a  piece  of  wire  gauze  has  been  brought  down.  The 
lei*  cut  off  where  it  touches  the  gauze,  and  the  exterior  luminous 
le  is  very  visible.     We  seem  to  look  down  into  the  reservoir  of 
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Com^undf  of  Carbon  and  Nitrogen. 

§  507.  Carbon  and  nitrogen  may  be  made  to  combine 
together  directly  at  a  red  heat,  provided  some  substance  he 
present  with  which  the  compound  may  imite  to  render  it 
capable  of  resisting  the  high  temperature  which  would  defo» 
pose  it  in  an  insulated  state.  If  a  mixture  be  made  of  tx^ 
weights  of  charcoal  and  carbonate  of  potassa,  and  placed  ioi 
porcelain  tube,  and  raised  to  a  red  heat,  upon  passing  lutrogea 
through  it,  it  will  combine  nnth  the  carbon;  and  carboiie 
oxide  will  be  given  off  from  the  decomposition  of  the  ca^ 
bonic  acid  in  the  salt.  When  the  evolution  of  this  gai  cem 
and  nitrogen  begins  to  pass  over  unchanged,  the  proccn  ii 
complete.  U|>on  treating  the  solid  matter  with  water  ni 
filtration,  a  solution  will  be  obtained  which  cont^ns  the  ei» 
[Mund  in  question.  For  the  purpose  of  obtaining  it  io  ■ 
state  of  insulation  it  must  first  be  transferred  to  silver,  wIuA 


inflammablp  gases  which  is  inclosed  by  the  sheet  of  ignited  viUM. 
The  gases  and  smoke  pass  through,  but  are  cooled  and  extingnlikd 
By  presenting  a  flame  to  them  on  (he  upper  side,  they  m^  b 
rekindled,  as  exhibited  in  fig.  2. 

Kg- 1.  Fig-  *• 

The  "Datv,"  or  miner'a  safetr-laxop,  ii  hoc  np^ 
sented.  a  is  a  cylinder  of  wire  gauze  with  a  doaUe^i 
securely  fastened  to  the  brass  rim,  b,  which  KKinali 
the  lamp,  c.  The  whole  is  protected  and  noAmA^ 
able  by  the  Jrame  and  ring,  d.  Gascons  matter  Mf 
penetrates  through  the  meshes  of  the  wir«  paM^  hJ  I* 
combustion  of  the  interior  flame  is  maintsuiad.    Btt^ 


an  explosive  mixture  enter  the  lamp,  it  is  kiadMrilb 
flame  and  bums,  but  under  ordinary  drcuiusliaai  fc 
inflammation  cannot  pass  the  barrier  of  tba  a^onfl* 
its  cooling  the  mixture  below  the  tempenttsre  BsW^ 
to  the  process.  Should  the  wiiea  tfaenuelrei^  fcfW* 
become  white-hot,  or  the  gaaea  be  findUj  fV^fM 
throngh  them,  detonation  of  the  exterior  wif^ 
ktmo^iiwn  wo«U  take  phoe. 
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be  effected  by  mixing  the  solution  with  a  solution  of 
te  of  silver.  A  precipitate  will  be  formed,  which,  after 
ling  and  dryings  may  be  exposed  to  heat  in  a  small  glass 
t;  a  gas  will  be  given  off,  which  as  it  is  soluble  in  water 
;  be  collected  over  mercury.  It  may  also  be  obtained  from 
crystals  of  a  similar  saline  body  known  by  the  name  of 
xyanide  of  mercury,  the  formation  of  which,  from  animal 
ers,  will  be  hereafter  explained. 

§  508.  Upon  exposing  these  crystals  to  a  moderate  heat, 

first  give  off  water  of  crystallization,  and  fall  into  a  gray 
ler.     When  this  anhydrous  cyanide  of  mercury  is  exposed 

red  heat  in  a  glass  retort,  it  turns  to  deep  brown  colour, 
illic  mercury  distils  over,  and  a  gaseous  compound  is  given 
rhich  may  be  collected  over  mercury. 

iVhen  generated  in  a  confined  space,  it  liquefies  at  a  pressure 
etween  three  or  four  atmospheres  at  the  temperature  of  45°. 

liquid  is  colourless  and  limpid,  and,  when  relieved  from 
sure,  speedily  evaporates  with  the  production  of  intense 
L 

The  gas  is  colourless,  and  has  a  penetrating,  very  peculiar 
ilL  When  a  lighted  taper  is  dipped  into  a  jar  containing  it, 
I  immediately  extinguished,  but  the  gas  itself  bums  in  the 
with  a  beautiful  purple  flame  edged  with  blue,  which  is  very 
ncteristic.    100  cubic  inches  weigh  55.5  grains.     It  sustains 

application  of  a  high  heat  without  imdergoing  decomposition, 
iter  dissolves  about  4^  times,  and  alcohol  23  times  its  bulk 
this  gas. 

It  may  be  detonated  with  oxygen;  and  its  analysis  may  be 
Bcted  in  this  way,  or  by  passing  it  over  red-hot  oxide  of 
pper.  One  volume  mixed  with  two  of  oxygen,  and  fired  by 
B  electric  spark,  afford  exactly  two  volumes  of  carbonic  acid 
d  one  volume  of  nitrogen.  Whence  it  appears  to  be  a 
npound  of  two  equivalents  of  carbon  and  one  of  nitrogen. 
Mrding  to  the  principles  of  the  scientific  nomenclature,  its 
me  would  be  bi^car buret  of  nitrogen:  but  it  is  more  fre- 
cntly  denominated  cyanogen,  from  its  entering  into  the 
oiposition  of  a  blue  compound  with  iron,  to  be  hereafter 
ticed. 

The  result  of  its  analysis  by  oxygen  is  thus  represented  in 

mbols; 

C^,  +  40  =  2C0^N 
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§  509.  The  brown  matter  which  is  left  in  the  retort  ate 
the  decomposition  of  cyanide  of  mercury^  is  also  a  compoumi 
of  carbon  and  nitrogen  in  exactly  the  same  proportions;  andu 
have  here  a  curious  and  important  fact  with  regard  to  chemial 
combination^    brought  for  the   first    time   \mder   our  notion 
namely, — that  compounds  may  be  formed  of  the  same  eleiiienl%] 
in  the  same  proportions  to  each  other^  which  may  yet  di£Fer  ( 
tially  both  in  their  physical  and  chemical  properties.    The  fakl 
regarding  such  a  constitution  of  bodies  are  grouped  togeAir] 
under  the  term  isomerism;  and  such  compoimds  are  said  to 
isomeric  with  their  analogues:  we  shall  have  occasion  to  dc 
several  such  compoimds  in  the  progress  of  our  inquiry,  and 
shall  find  them  chiefly  amongst  the  combinations  of 
We  are  led  from  such  facts  to  conclude,  that  a  definite, 
condensation,  approximation,  or  arrangement  in  space,  of 
constituent  particles  of  a  compound  is  no  less  essential  to  ili| 
individual  constitution  than  a  certain  proportion  between  i 
heterogeneous  ingredients.    The  nature  of  such  a  variety 
composition  is  clearly  revealed  by  the  difference  between 
equivalents  of  the  isomeric  bodies  in  entering  into  combii 
with  other  bodies,  and  by  the  volume  which  they  occupy 
gases,  compared  with  the  volumes  of  the  elements  of  iMl 
they  consist.     The  isomeric  compound  of  cyanogen  is  ibi| 
formed  when  a  solution  of  cyanogen  in  alcohol  is  left  to  tioe^ 
and  is  sometimes  produced  in  charring  animal  substances.  & 
has  been  called  para-cyanogen.    When  heated  in  the  ur,  pot 
of  the  carbon  bums  away,  and  a  residue  is  obtained  whkik 
consists  of  one  equivalent  of  carbon  and  one  of  nitrogen,  vU 
may  be  denominated  the  proto^arburet  of  nitrogen, 

§  510.  A  more  intimate  acquaintance  with  the  prifliV 
compounds  of  carbon  has  lately  discovered  to  the  vievif 
chemists  a  mode  of  secondary  combination,  which  appean  tob 
very  different  from  that  of  acids  with  bases.  It  seems  to  b 
almost  peculiar  to  this  Proteus  of  the  elementary  substoafl^ 
and  its  development  is  of  the  utmost  consequence  to  9^^ 
understanding  of  organic  compounds,  of  which  carbon  coi* 
tutes  the  basis.  Its  first  illustration  may  be  best  taken  fi^ 
the  combinations  of  cyanogen. 

§  511.    Cyanogen   is   neither  acid    nor  alkaline  n  * 
nature,  and  it  has  little  disposition  to  enter  into  oombiDVfl* 
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til  metallic  oxides;  but  it  haa  a  remarkable  tendency  to 
inlnne  with  elementary  substances  in  a  manner  perfectly 
ilogous  to  tbat  of  tbe  simple  gaseous  substances  which  we 
-Tc  been  examining.  When  potassium,  for  example,  is  heated 
cyanogen  gas,  the  metal  combines  with  tbe  gas  with  great 
BTgy,  and  becomes  incandescent  The  sahne  mass  which 
wits  must  ob^Hously  be  a  ternary  compound  of  carbon, 
ibrogen,  and  potassium :  or  2  C,N,Ka ;  but  it  may  be  more 
hmtageously  regarded  as  a  binary  compound  of  cyanogen  and 
w  metal,  or  CtN,Ka.  Similar  compounds  may  be  formed  with 
n  the  metals,  and  from  their  analt^  to  tbe  class  of  oxides 
hey  are  denominated  cyanidea.  The  deutocyanides  of  mercury 
nd  ailrer,  which  we  described  as  the  source  from  which  cyan- 
genmay  be  procured,  are  also  instances  of  this  binary  combi- 


^  513.  It  also  forms  compounds  with  the  non-metallic 
dements,  which  are  of  high  importance  and  interest,  inasmuch 
■  they  are  of  an  acid  quality,  and  are  capable  of  entering  into 
■Kondaiy  combination  with  tlie  bases.  We  will  illustrate  this 
bfihortly  examining  its  combination  with  hydrogen,  but  the 
■ore  complete  examination  of  its  compounds  must  be  reserved 
lilwe  oome  to  treat  of  or^nic  chemistry. 

Binary  Compounds  (ff  Cyanogen. 

%  513.  The  compound  of  cyanogen  and  hydrogen  cannot 
h  obtttned  by  the  direct  action  of  the  two  substances,  but  may 
W  Ibniied  fay  double  elective  affinity,  by  passing  some  of  the 
impoonda  of  hydrogen  over  deutocyanide  of  mercury.  Such 
I  componnd  may  be  obt^ed  by  acting  upon  a  combination 
if  rilphnr  and  iron  with  dilute  sulphuric  acid,  in  which  case, 
Mrtad  of  pore  hydrogen,  a  de6nite  compound  of  hydrogen  and 
^Kk^Oi  ia  evolved,  which  vre  shall  hereafter  examine. 

By  passing  a  current  of  this  gas  over  the  deutocyanide  of 
■atnury  in  a  horizontal  glass  tube,  double  decomposition  ensues; 
m  sulphur  combines  ^t-ith  the  metal,  and  the  cyanogen  with  tbe 
Vdrogen ;  and  the  latter  compound,  b^ng  very  volatile  ia 
only  driven  aver  by  a  gentle  heat  into  a  cooled  receiver  placed 
Witj  reception. 

It  is  a  colourless  Uquid  of  a  itrong  pungent  odours  a 
'a  when  diluted,  tint  of  peach-blowoins.     Iti  t 
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said  to  be  acrid ;  but  it  is  so  extremely  poisonous,  that  a  drnp 
falling  upon  the  arm  of  a  man  has  been  known  tu  uccasioo 
death.  Great  care  should  be  taken  not  to  inhale  its  va])our.  It  u 
extremely  volatile,  and  generates  so  much  cold  during  its  evapo- 
ration that  a  drop  placed  upon  a  piece  of  glass  will  spontaneouilT 
freeze.  It  boils  at  a  temperature  of  80°.  Its  vapour  takes  tart 
upon  the  approach  of  flame,  and  when  mixed  with  oxygen,  mi^ 
be  detonated  by  the  electric  spark.  It  feebly  reddens  litnm 
paper.  Its  specific  gravity  at  45°  is  0.705^  and  that  of  iti 
vapour  0.947. 

§  5 14.  Two  volumes  of  the  vapour  require  two  volumei 
and  a  half  of  oxygen  for  their  perfect  combustion ;  and  two 
volumes  of  carbonic  acid,  with  one  volume  of  nitrogen,  nd 
water,  are  the  products.     These  results  indicate  two  equivaknli 
of  carbon,  one  of  hydrogen,  and  one  of  nitrogen,  as  the  elemenli  . 
of  the  acid.     When  potassium  is  heated  in  this  vapoiu*,  cyanidi  1 
of  potassium  is  formed,  and  hydrogen,  equal  to  half  the  TdmM 
of  the  acid,  is  disengaged.     It  is  therefore  a  comi)ound  of  eqoil  j 
volmnes  of  cyanogen  and  hydrogen.    The  results  of  the  anahai 
may  be  tlius  stated : — 

Nkro^en      ths]'^  ^  Equivalent  of  Cyanogen.  26 
Hydrogen       3.7  =  1  9,  Hydrogen.     1 

loob  27 


§  515.  It  is  sometimes  called  Prussic  acid  as  bcng 
derived  from  the  Prussian  blue ;  but  the  scientific  nomendiM 
distinguishes  the  class  of  acids,  into  the  composition  of  vUik 
hydrogen  enters,  by  the  prefix  hydro, — and  hence  it  ii  ■!■ 
called  the  hydro^cyatdc  add. 

The  symbolic  representation  of  the  results  of  its  detooitio* 
with  oxygen  is  as  follows : — 

HC^   +   60  =  2  COe,  iiO,  N 
The  symbol  of  cyanogen  is  sometimes  contracted  into  Qf> 

h;c;;n  =  hcj 

S  516.  Hydrocyanic  add  forms  a  salt  by  comlmuiV^ 
ammonia^  in  their  respective  equivalents  27  and  17  >  ^^9^ 
tallizes  in  cubes  or  small  prismsi  and  ia  very  vulatUfii  ft  B^T*^ 
formed  in  abundance  by  pusing  ammonia  over  red-liot  dMiCM 
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The  hydrocyanic  acid  also  enters  into  combination  vnth  the 
ixygen  bases ;  but  the  binary  compound  of  cyanogen  and  the 
netal  is  the  general  result,  as  the  hydrogen  o(  the  acid  and  the 
ajgen  of  the  base  are  in  exact  proportion  to  form  water 
ogedier.  Thus,  cyanide  of  potassium  is  formed  by  neutralizing 
wtassa  with  hydrocyanic  acid,  and  when  red  oxide  of  mercury 
•  shaken  up  with  the  same  acid  it  loses  its  colour,  and  deuto- 
ymide  of  mercury  is  found  in  solution. 

C^,  KO  =  CyK,  HO 


2  CvH,  HgO  =  CjgHg,  2  HO 

§  517-  Cyanogen  also  generates  three  isomeric  acids  by 
NXmbination  with  oxygen ;  but  the  process  by  which  they  may 
le  formed  and  insulated  from  their  combinations  is  circuit- 
IBS.  By  exposing  a  mixture  of  peroxide  of  manganese  and 
Bm)C3ranide  of  potassium  (a  salt  which  may  be  made  by  the 
iction  of  potassa  upon  animal  substances,)  to  a  dull  red  heat,  in 
m  iron  pot,  and  boiling  the  resulting  compound  in  alcohol, 
BKither  salt  may  be  obtained  in  tabular  crj'^stals  consisting  of 
lie  acid  in  question,  or  cyanic  acidy  in  combination  with  potassa, 
Knd  which  may  therefore  be  distinguished  by  the  name  of 
Tjfanaie  of  potassa.  The  explanation  of  these  processes  will  be 
given  hereafter. 

The  acid  may  be  transferred  from  the  potassa  to  the  oxides 
af  lead,  mercury,  or  silver,  by  double  decomposition  with  the 
■ilts  of  those  metals  with  which  it  forms  insoluble  compounds, 
■nd  firom  these  it  may  be  disengaged  by  sulphuretted  hydrogen, 
tte  sulphur  of  which  combines  with  the  metal,  and  the  hydrogen 
^iriQi  its  oxygen.  It  is  thus  obtained  as  a  sour  liquid,  smelling 
vomething  like  vinegar,  and  very  prone  to  spontaneous  decom- 
Vontion. 

§  518.  According  to  its  analysis,  the  cyanic  acid  is  a 
compound  of  one  equivalent  of  cyanogen  and  one  equivalent  of 
^^Jiygen,  CgN,0.  It  is  readily  converted  into  carbonate  of 
•BUnonia,  by  merely  boiling  its  solution,  or  that  of  any  of  its 
f^;  a  change  which  an  attentive  consideration  of  its  symbol, 
^  connexion  with  that  of  water,  will  readily  explain ;  for  one 
^t^iivalent  of  cyanic  acid,  with  three  equivalents  of  water,  are 
^^•ctly  equal  to  one  equivalent  of  bicarbonate  of  ammonia: 

cyanic  Acid.      Water.      Garb.  Acid.    Ammonia. 
^;n;0  +  3H0    =    2  00^  +  NH, 

7L  B 
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§  519.  An  isomeric  compound  of  cyanogen  and  oxy 
may  be  formed,  whose  properties  are  very  different  from  li 
of  the  cyanic  acid.  By  boiling  together  a  solution  of  nitrat 
mercury  or  nitrate  of  silver  in  alcohol,  an  effenrescence  ti 
place :  and  a  gray  powder  gradually  subsides  from  the  solut 
which  is  the  compound  in  question  in  combination  widi 
oxide  of  the  metal  employed.  It  is  a  very  dangerous  fulmina 
powder,  which  detonates  violently  by  heat  or  percussion, 
sometimes  by  the  slightest  friction.  The  acid  in  union  with 
oxide  has  hence  been  distinguished  as  the  fuhninic  add.  ' 
gases  evolved  by  the  explosion  of  the  fulminates  of  silvei 
mercury  are  carbonic  acid  and  nitrogen,  and  their  exact  anal 
proves  the  fulminic  acid  to  have  exactly  the  same  propoil 
between  its  ingredients  as  the  cyanic  acid,  but  the  amonn 
its  equivalent  is  double :  its  symbol  being 

2  (CgN)©  or  CyA 

It  cannot  be  obtained  in  the  separate  state,  as  it  is  instil 
decomposed  when  separated  from  bases  by  stronger  acids. 

Tlie  cyanuric  acid  is  also  a  compound  of  cyanogen  \ 
oxygen  united  with  the  elements  of  water:  its  formnb 
3  (CsN)03,  3  HO.  It  may  be  obtained  by  the  action  of  h 
upon  an  organic  acid  called  the  uric  acid,  or  an  organic  b 
named  urea.  It  is  colourless  and  nearly  tasteless,  with  t  t 
slight  acid  reaction,  and  may  be  obtained  in  crystals.  In 
compounds  of  tliis  acid  the  three  equivalents  of  water 
replaced  in  whole  or  in  part  by  the  metallic  oxides. 

§  520.  The  elementary  character  and  analogies  of  cya 
gen  are  fully  maintained,  as  we  shall  have  occasion  hereaflia 
point  out,  in  all  its  combinations  with  those  elementi  vk 
have  not  yet  passed  under  our  review. 


§  521.  Compound  bodies  which  thus  enter  into 
nation  after  the  manner  of  simple  substances  are  called  nJk 
and  they  will  require  a  considerable  portion  of  our  attflprf 
when  we  come  to  organic  chemistry.  But  although  we  W 
defer  the  full  consideration  of  the  subject  for  the 
may  make  a  few  observations  upon  the  definite  ooni' 
water,  which  sometimes  plays  the  part  of  one  of  theie 
ndides.  We  have  already  seen  diat  it  enten  into  te  Mi 
rition  of  certun  saltSj  in  its  equivalent  pnqiorticMp^  ^-^ 
multiple  of  it^  and  that  it  then  goes  by  the  nanta  <tf  wM. 
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rffstalUzaiion  (§  497)*  Sometimes  a  salt  will  spontaneously 
«it  with  one  equivalent  at  ordinary  temperature^  in  a  dry 
Imosphere^  and  then  loses  its  transparency  and  crystalline 
eitare,  and  Mb  into  a  powder :  it  is  then  said  to  effloresce. 
ioat  salts  give  off  the  whole  of  their  water  at  a  high  tempera- 
ore.  Some  salts  lose  their  colour  when  anhydrous^  (as  the 
a^phates  of  copper  and  iron,)  and  recover  it  again  upon  having 
fc  restored^  but  their  more  salient  chemical  properties  are  not 
ihiered  by  the  change. 

§  522.  Water  again  enters  into  definite  combination  with 
ht  oxides  of  the  different  metals^  which  are  then  called  hydrates, 
m  are  said  to  be  kydrated.  So  intimate  is  this  union^  that  no 
kgree  of  heat  is  capable  of  driving  off  the  water  from  some  of 
liese  compounds;  although  on  entering  into  combination  with 
Kids  the  alkali  often  separates  from  it. 

§  523.  We  have  also  seen  that  water  combines  in  its 
Bqmvalent  proportions  with  certain  acids;  which^  in  fact,  are 
QOt  capable  of  existing  in  a  state  of  insulation  from  bases  unless 
fteir  elements  are  bound  together  by  its  attraction.  This  is  the 
Bpie  with  the  nitric  and  the  oxalic  acids  (§  464  and  497);  &nd  it 
itilso  capable  of  replacing,  and  of  being  replaced  by  elementary 
■abstances,  or  other  radicles,  in  various  secondary  combinations. 

§  524.  Our  examination  of  tiie  classical  elements^  air, 

^ATEB,  and  FIRE,  has  tiius  brought  us  acquainted  with  the 

lading  characters  of  the  four  non-metallic  elements,  oxygen, 

Jifirogen,  nitrogen,  and  carbon,  the  lowest  upon  the  scale  of 

Cfoivalents,  and  the  most  important  as  constituting  the  chief 

iBiterials  of  the  organic  creation;  and  we  have  been   led   to 

€umine  some  of  their  compounds,  both  primary  and  secondary, 

irith  the  leading  object  of  founding  clear  ideas  of  the  laws  of 

Aemical  combination  upon  distinct  facts.     Further  illustration 

^this  subject  is  still  necessary:  and  it  is  also  necessary  that 

lii  should  become  acquainted  with  other  species  of  matter,  both 

Mple  and  compound,  before  we  can  be  in  a  condition  fully  to 

<|)preciate  the  connexion  of  the  physical  forces,  and  their  con- 

cnrence  to  tiie  production  of  chemical  phenomena. 

We  will,  however,  defer  our  examination  of  the  remaining 
chttical  element  earth,  as  opening  to  us  a  new  and  extensive 
«••»  of  elements^  the  mstals,  which  will  be  most  conveniendy 

2b^ 
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studied  together^  and  proceed  to  examine  the  remaini 
metallic  elements^  which  are  only  nine;  and  such  of  the  p 
compounds  as  may  tend  to  illustrate  the  formation  of  the 
variety  of  substances^  which  may  be  formed  from  th 
materials  restricted  within  the  narrow  limits  of  coml 
which  we  have  already  defined.  Common  experience 
cient  to  enable  us  to  appreciate  this  distinction  of  meta 
tion-metalliCy  although  we  shall  endeavour  hereafter  U 
more  strictly  the  metallic  characters.  This  primary  di\ 
substances  is  not  only  popular  but  scientific. 

§  525.  A  scientific  arrangement  of  the  subject^  h 
even  if  our  present  imperfect  knowledge  would  admit  < 
beyond  our  present  design^  which  is  to  ascend  from  the 
to  the  unknown  by  the  easiest  and  most  natural  gn 
We  vnH  therefore  select  for  the  next  subjects  and  insti 
of  illustration^  a  group  of  these  elementary  forms  of 
which  are  connected  together  by  the  strongest  analogies 
which  to  state  the  modes  of  combination  of  one  is  to  li 
down  for  all.  They  have,  moreover,  one  common  o 
namely,  die  waters  of  the  ocean;  from  the  saline  con 
which,  or  of  the  ashes  of  vegetables  which  grow  upon  its 
they  are  all  derived  by  similar  processes.  They  do  not 
the  insulated  state  in  nature,  but  are  the  educts  of  c 
science,  and  two  of  them  of  very  recent  discovery.  Th 
received  the  trivial  names  of  chlorine^  bromine,  and 
They  have  but  little  affinity  for  one  another,  but  the  al 
affinity  for  other  elements. 

Chlorine. 

§  526.  Chlorine  may  be  obtained  by  mixing  fai 
of  pure  culinary  salt,  which  is  derived  eiflier  from  setri 
rock-salt,  with  three  parts  of  peroxide  of  manganese,  and 
upon  them  in  a  retort  seven  parts  of  sulphoric  acid  dibf 
an  equal  weight  of  water.  By  the  action  of  a  gende  hei 
is  given  off,  which  may  be  collected  in  bottles  owr  hoi 
and  preserved  by  carefully  expelling  all  the  wateTj  sad 
them  with  greased  stoppers. 

Water  of  the  ordinary  atmospheric  tempentims  d 
about  twice  its  Tolome  of  the  gas,  and  mercury  aefenaBflil 
with  it.  It  possesses  a  yellowish-green  odooTj  fimri 
deriyes  ks  name^  an  astringent  taste,  sod  anioitamli| 
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ating  odour;  all  of  which  qualities  it  communicates  to  its 
queous  solution.  When  received  into  the  lungs^  its  action  is 
xtremely  painful  and  injurious.  By  subjecting  it  to  a  pressure 
if  four  atmospheres  at  60^^  it  may  be  condensed  into  the  liquid 
rtate.  In  its  gaseous  form  under  ordinary  circumstances^  it  is 
considerably  heavier  than  common  air^  100  cubic  inches  weigh- 
ing bet\i'een  7^  &nd  77  grains.  It  imdergoes  no  change  by 
bdng  passed  through  porcelain  tubes  intensely  heated^  nor  by 
a  succession  of  electric  sparks^  and  it  has  resisted  all  attempts 
to  decompose  it. 

The  flame  of  a  taper  introduced  into  it  continues  to  bum 
with  a  dull  red  lights  throwing  off  a  dense  black  smoke.  Even 
when  the  wick  is  merely  glowing^  the  flame  will  be  rekindled^ 
but  the  combustion  is  maintained  by  the  hydrogen  only^  the 
caibon  being  entirely  precipitated.  Phosphorus  spontaneously 
ignites  in  it^  and  bums  vntii  a  pale  white  flame,  indicative  of  the 
ibsence  of  any  solid  matter^  and  several  of  the  metals  in  a  finely 
divided  state,  or  in  thin  leaves,  bum  spontaneously;  and  in 
diis  way  tin,  copper,  zinc,  and  antimony,  exhibit  very  beautiful 
ippearances. 

§  527.  The  primary  compounds  of  chlorine  and  the 
nctils  are  denominated  chlorides^  and  their  multiple  combina- 
tioni  are  distinguished,  like  the  oxides,  as  proto-chlorides,  deuto- 
M/rides,  per-chloridesy  &c.  They  have  points  of  considerable 
RNmblance  to  the  oxides,  and  like  them,  some  of  them  have 
tte  property  of  combining  with  others  of  the  same  class,  in  the 
lunner  of  acids  and  bases.  These  have  sometimes  been 
Buned  ekhr(h^altSf  but  are  most  conveniently  distinguished  as 
Akife  ehhrides. 

When  the  metal  sodium  is  heated  in  chlorine,  it  bums 
vnidiy,  and  produces  a  compound  which  has  all  the  properties 
tf  eulinary  salt;  which  is  therefore  a  chloride  of  sodium. 

§  528.  Chlorine  when  mixed  with  the  vapour  of  water  as 
^  b  Qfloally  obtained^  or  in  solution,  has  strong  bleaching 
iipon  vegetable  colours,  and  a  solution  of  indigo  in 
acid  is  on  this  account  frequently  employed  to  test 
When  perfectly  dry,  however,  it  is  without  action 
pktqMm  die  delicate  blue  colour  of  litmus.  Whence  it  has 
1ll||.Wl4ttetored  that  its  property  of  bleaching  may  be  derived 
fWl.lli  lilJiHljiiiiiijt  liilli  the  hydrogen  of  a  part  of  the  water,  and 
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the  formation  of  deutoxide  of  hydrogen.  It  has  alsci  stnmg 
antiseptic  properties^  and  from  its  strong  affinity  for  some  of 
die  elements  of  animal  substances^  destroys  contagious  niatten 
and  bad  odours. 

The  compounds  which  chlorine  forms  witli  the  non-metallic 
elements  and  radicles  are  various^  important^  and  instructive. 

Chhrine  and  Hydrogen. 

§  529.  A  mixture  of  chlorine  and  hydrogen  will  remuB 
in  the  dark  without  change^  but  if  exposed  to  daylight  the  two 
gases  yAM  unite  slowly,  and  in  the  direct  light  of  the  sun,  sud- 
denly and  with  detonation.  When  mixed  together  exactly  ia 
the  proportion  of  equal  volumes,  and  fired  by  the  electric  sjwk 
in  the  apparatus  formerly  described  (105),  a  bright  flash  taka 
place ;  and  if  the  tube  be  opened  over  mercury,  no  change  of 
volume  will  be  perceptible:  but  if  it  be  opened  over  water,  the 
liquid  will  dissolve  the  gas,  rush  in  with  violence  and  fill  the 
tube. 

The  destruction  of  the  green  colour  of  the  mixture  will  indi- 
cate the  essential  change  which  has  taken  place  with  the  extri- 
cation of  light  and  heat ;  as  well  as  its  different  action  upon 
vegetable  colours.  Instead  of  bleaching  it  will  now  be  ibuDd 
to  redden  the  blue  colour  of  litmus,  which  property  it  coromB- 
nicates  to  its  solution,  which,  moreover,  is  intensely  sour.  I> 
short,  the  compound  has  all  the  properties  of  a  powerful  usJL 
It  is  called,  according  to  the  scientific  nomenclature,  kfii^ 
chloric  acid,  but  it  has  long  been  known  by  the  name  of  murkitit 
acid.  It  may  readily  be  obtained  from  sea-salt  by  the  action  of 
strong  sulphuric  acid.  The  gas,  which  is  given  off  in  gia^ 
purity,  must  be  collected  over  mercury. 

§  530.  Hydrochloric  acid  is  colourless,  of  avery  ponpil 
odour,  and  intensely  acid.  Its  attraction  for  water  ia  so  pf/^ 
that  when  a  little  escapes  into  the  air,  a  white  doud  is  inslinti^ 
formed  from  the  condensation  of  the  atmospheric  Yaponrt  ft 
extinguishes  flame  and  is  incombuatiblej  it  is  also  fcM^ 
irrespirable :  it  may  be  liquefied  at  a  pressure  of  40  M0t 
spheres,  by  generating  it  in  a  confined  space.  Water,  il  IP 
temperature  of  40^  will  dissolve  about  480  times  ito 
and  thereby  increases  its  bulk  and  its  specific  gimvity  Sam^ 
1.210.  The  solution  is  largely  employed  in  the  arti^ 
be  produced  by  passing  the  gas  immediately  into 
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dding  a  sufficiency  of  water  to  tlie  sulphuric  acid  aitd  distilling, 
tcid  of  ttie  specific  gravity  of  1.111  may  be  distilled  without 
huge.  The  solution  when  pure  is  perfectly  colourless,  and 
3  tlie  smeU  and  other  properties  of  the  gas  (119), 


§  531.  Hydrochloric  acid  may  be  decomposed  by  several 
if  the  metals,  which  combine  with  its  chlorine  and  disengage  its 
hydrogen.  Tin,  lead,  or  potassium,  heated  in  the  gas  are  con- 
toted  into  chlorides,  and  leave  half  the  original  bulk  of  the  gas 
d  pure  hydrogen.  Thus,  its  analysis  exactly  agrees  with  its 
nnthesis  by  volumes,  and  from  its  specific  gravity  it  is  easy  to 
cricnlate  that  36  parts  by  weight  of  chlorine  are  combined  with 
1  of  hydrogen,  and  that  its  equivalent  number  is  consequently 
3(^ind  that  of  the  acid  3^. 


§  533.  The  law  of  equivalent  proportions  is  beautifully 
■Bntrated  by  the  reaction  of  hydrochloric  acid  upon  metallic 
Bides,  which  neutralize  its  acid  properties  as  completely  as 
Ium  of  the  oxyacids.  According  to  the  general  view  which 
I  usually  taken  of  the  mutual  action  of  acids  upon  bases,  it 


{119)  The  saturation  of  water  with  the  more  soluble  giwes,  is 
mied  OD  in  what  ia  called  Woulfe'i  Apparatut.  a  is  a  tubulated 
itMt  for  containing  the  materials  for  the  extraction  of  the  gag;  6  is  a 
Xnrei  communicating  by  a  bent  tube  nith  tbe  Ihiee-necked  bottle, 
.  <rUch  U  connected  also  by  a  tube  with  d.     The  bottles  are  about 


WfilUd  with  water;  when  that  in  c  is  saturated,  the  gas  pastes  into 
<«d  nftrrwarda  through  the  tube  «,  which  may  be  connected  with 
ftt  pBtumatic  trough.  The  nfiety  lubes,//,  prevent  tbe  water  being 
*nrtl.y  the  pressure  of  air  into  ft,  in  case  absorption  ihould  be  too 
n^i-  They  dip  only  about  half  an  inch  under  water,  m  that  the  air 
"•dilj  raten  by  Ihem,  aud  oompenntet  the  abaoiplun. 
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might  be  expected  that  a  simple  combination  of  the  two  v 
take  place^  and  that  when  muriatic  acid  was  neutralized  by  : 
a  muriate  of  soda  would  result ;  and  when  the  compound 
solution  in  water,  there  is  nothing  to  contradict  the  hj'pot 
which  is  founded  upon  the  strong  analogy  of  other  acids, 
when  separated  from  water  by  evaporation,  we  find  tha 
have  in  this  secondary  compound  exactly  the  same  substan 
is  produced  by  the  primary  combination  of  metallic  sodiun 
chlorine.  The  hydrogen  of  the  acid  and  the  oxygen  of  the 
being  in  equivalent  proportions,  have  combined  togetbi 
form  water. 

There  is  apparently  no  ambiguity  in  the  case  of  the  cc 
nation  of  the  muriatic  acid  and  ammonia;  the  result  s 
obviously  to  be  a  muriate  of  ammonia,  but  in  many  iustanc 
the  action  of  muriatic  acid  upon  other  bases,  it  has  been  f 
difficult  to  decide  whether  the  product  be  a  muriate 
chloride.  This  acid,  for  example,  will  combine  with  ox« 
barium  or  baryta :  and  when  this  base  is  heated  in  the  [ 
becomes  red-hot,  water  is  formed,  and  a  grey  substance  is 
duced  which  is  exactly  the  same  as  may  be  formed  by  the  a 
of  chlorine  upon  it,  in  which  case  oxygen  is  evolved.  Th< 
here  no  question  that  the  result  is  a  cfiloride  of  barium. 

If  on  the  other  hand  the  compound  be  dissolved  in  i 
or  if  carbonate  of  baryta  be  decomposed  by  liquid  hydrodi 
acid  and  the  solution  carefully  evaporated,  flat,  foar-( 
crystals  will  be  obtained,  which  are  permanent  in  ordi 
states  of  the  atmosphere,  but  effloresce  from  loss  of  wife 
crystallization  in  dry  air.  They  contain  two  equivakn' 
water  which  may  be  wholly  expelled,  and  dry  chloride  of  bi 
will  remain.  Now  it  is  obvious  that  this  crystallized  alt 
be  regarded  as  a  compound  of  muriatic  acid  and  baryti^ 
one  equi\'alent  of  water  of  crystallization ;  while,  on  the  < 
hand,  there  is  no  good  reason  for  affirming  that  it  may  n 
a  hydrated  chloride. 

The  symbolic  representation  of  these  two  views  will  ff 
this  perhaps  clearer :  for, — 

Chloride  of  Oxide  of  Mnria. 

Buinm.     Water.  Barium.    Acid.    Watar. 

BaCI,     2  HO      c      BaO,     HO,     HO 

The  last  view  supposes  that  when  the  dry  chloride  of  MM 
disaolved  in  water,  an  equivalent  of  the  latter  i*  daoipff 
the  hydrogen  of  which  combines  with  the  (^loriiM^  (ori^ 
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irocfaloiic  acid,  and  the  oxygen  with  the  metal  to  constitute 
baryta.  That  chlorides  are  capable  of  effecting  this  decom- 
dtion  may  be  shown  by  examples,  in  which  there  can  be  no 
biguity  ;  as  when  chloride  of  antimony  is  dropped  into  water, 
iriatic  acid  is  the  result,  and  an  insoluble  hydrated  oxide  of 
i  metal,  which  is  precipitated. 

The  progress  of  science  may,  however,  be  now  considered  to 
re  placed  the  constitution  of  such  compounds  as  chlorides 
fond  all  reasonable  doubt ;  but  the  controversy  which  once 
sted  concerning  it  is  still  useful  as  illustrating  the  theory  of 
divalent  composition. 

§  533.  The  exact  adjustment  of  equivalent  proportions 
i^ain  shown  in  the  action  of  muriatic  acid  upon  the  oxides  of 
A  metals  as  constitute  more  than  one  salifiable  base,  as  for 
itance,  the  protoxide  and  the  deutoxide  of  mercury,  in  the 
It  of  which  200  parts  of  the  metal  are  combined  with  8  of 
ygen  or  one  equivalent,  and  in  the  second,  with  16  or  two. 
hen  the  protoxide  is  subjected  to  the  action  of  the   acid, 

parts  or  one  equivalent  is  decomposed ;  one  equivalent  of 
Iter  is  formed,  and  one  equivalent  of  protochloride,  which 
exactly  similar  to  the  primary  combination  which  takes  place 

ordinary  temperature,  between  200  parts  of  mercury  and  36 
'  chlorine.  When  the  deutoxide,  on  the  contrary,  is  acted 
;xm  by  muriatic  acid,  74  parts  or  two  equivalents  of  the  latter 
t  decomposed,  two  equivalents  of  water  are  composed,  and 
oe  equivalent  of  the  deutochloride,  which  is  exactly  the  same 
I  the  deutochloride  formed  by  the  action  of  chlorine  upon 
lercory  at  a  high  temperature,  and  consists  of  200  parts  of 
lercnry  and  7^  of  chlorine. 

§  534.  When  the  peroxides  of  metals,  on  the  other  hand, 
^hose  protoxides  alone  constitute  bases,  are  acted  upon  by 
lunatic  acid,  one  equivalent  only  of  chlorine  combines  with 
be  metal,  the  equivalent  hydrogen  of  which  forms  water  with 
ne  equivalent  of  the  oxygen  of  the  peroxide,  while  the 
^mainder  of  the  oxygen  combines  with  the  hydrogen  of 
■mother  portion  of  the  acid,  and  sets  the  chlorine  free.  It  is  in 
bit  way  that  chlorine  can  advantageously  be  collected  by  the 
l^irect  action  of  a  strong  solution  of  muriatic  acid  upon  peroxide 
f  manganese. 
The  same  o1>servations  apply  to  all  the  class  of  hydroacids; 


378  IIYPOCHLOROUS  ACID. 

another  of  which^  the  hydrocyanic  acid^   has    been 
described  (§  516). 

The  hydrochloric  acid  is  the  only  known  compo 
chlorine  and  hydrogen. 

Compounds  of  Chlorine  and  Oxygen, 

535.  Chlorine  and  oxygen  are  connected  togel 
many  points  of  resemblance;  and  are  deficient  in  that  : 
opposition  of  characters  which  renders  the  force  of  affinit 
efficient.  Their  modes  of  combination  with  hydrogen  i 
metals  are  similar,  and  chlorine  supports  the  combus 
these  elements  as  well  as  oxygen.  For  every  oxide  the 
corresponding  chloridCy  and  they  are  both  equally  opp< 
hydrogen;  which  only  in  two  or  three  instances,  as  exo 
to  a  general  rule,  shows  a  slight  attraction  for  metals.  T 
another  striking  analogy  bet\i'een  the  two  in  their  relai 
electrical  forces,  which  will  be  hereafter  pointed  out. 

No  combination  of  chlorine  and  oxygen  can,  therefi 
obtained  by  the  direct  action  of  the  two  elements:  but 
can  be  formed  by  double  decompositions  and  recompo 
all  of  which  are  unstable,  and  some  of  them  decomposabl 
with  violence  by  slight  changes  of  temperature. 

§  536.  Upon  agitating  a  mixture  of  one  part  of  dei 

of  mercury  with  twelve  of  water  in  a  bottle  fiUed  with  g 

chlorine,  die  gas  is  rapidly  absorbed;  a  grey  powder  is 

sited,  which  is  oxychloride  of  mercury,  and  a  liquid  oche 

of  oxygen  and  chlorine  remains  in  solution;  but  care  aho 

taken  that  some  of  the  red  colour  may  remain  to  ensi 

complete  absorption  of  the  gas.    The  liquid  must  be  I 

and  distilled  in  vacuo,  or  at  a  temperature  below  212^:  it  i 

a  solution  of  the  first  compound  of  chlorine  and  ozyg 

which  the  name  has  been  given  of  the  kgpo-eUaromi  od 

may  be  separated  from  its  water  of  solution  by  throwipg 

portion  into  an  inverted  jar  of  mercury,  and  then  paanng 

through  the  metal  pieces  of  fused  nitrate  of  lime.    H 

rapidly  abstracts  the  water,  and  a  gas  is  obtained  of  a  i 

yellow  colour  than  chlorine,  of  a  strong  penetrating  odoa 

decomposable  by  mercury,  from  the  contact  of  wbkb 

preserved  by  the  saline   solution.      It  requires  to  bi 

cautiously  d«dt  with;  for  a  very  slight  elevation  of  temfti 

such  as  die  heat  of  the  hand,  is  snffideut  to  decomMMl 
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e  extrication  of  light  and  heat;  and  when  absorbed  into  the 
res  of  charcoal,  or  even  blotting  paper,  by  the  force  of  adhe- 
(R,  this  violent  separation  of  the  gases  takes  place.  The 
"ect  solar  rays  will  also  resolve  it  into  its  elements  without 
tonation.     When  mixed  with  hydrogen  it  explodes  violently 

the  electric  spark.  Its  analysis  shows  it  to  consist  of  one 
hmie  of  chlorine,  and  half  a  volume  of  oxygen  condensed 
to  one,  or  one  equivalent  of  each.  This  would  make  its 
nivalent  36  +  8  =  44,  but  from  some  of  its  combinations  it  is 
obable  that  the  proportion  in  which  it  enters  into  secondary  com- 
ttition  may  be  double  this,  or  88.     Its  formula  is  ClgOf. 

The  solution  of  hypochlorous  acid  is  pale  yeUow;  it  has  a 
xmliar  odour  and  an  acrid  taste.  It  attacks  the  cuticle  more 
leigetically  than  nitric  acid,  and  stains  it  of  a  reddish-brown 
loor.  All  the  metals  which  have  a  strong  attraction  for 
cygen  become  oxidated  by  it  and  evolve  chlorine;  but  silver 
Mnbines  with  the  chlorine  and  evolves  oxygen. 

§  537*  By  submitting  other  oxides  to  the  action  of 
Idorine,  it  may  be  made  to  combine  with  a  higher  proportion 
f  oxygen.  By  passing  a  current  of  the  gas  into  a  solution  of 
otassa,  one  portion  combines  with  the  metal,  forming  a 
bloride  of  potassium,  while  another  portion  unites  with  the 
Kjrgen  which  is  displaced  and  constitutes  an  acid,  which  is 
tiled  the  chloric  acid»  This,  again,  combines  with  some  of 
he  unchanged  potassa,  forming  a  salt,  to  which  the  name  of 
VonUe  of  potassa  has  been  given.  It  separates  spontaneously, 
ram  its  little  solubility,  in  brilliant  rhomboidal  tables. 

Chloric  acid  may  also  be  obtained  in  the  free  state,  or  rather 
B  union  with  water  alone,  without  which,  or  a  base,  it  cannot 
BDrt,  by  passing  a  current  of  chlorine  through  oxide  of  silver 
Miq)ended  in  water.  Chloride  of  silver,  which  is  insoluble,  is 
pitcipitated,  and  chloric  acid  remains  in  solution.  It  may  be 
fntd  firom  any  excess  of  chlorine  by  boiling.  It  is  a  sour, 
^kmrless  liquid,  devoid  of  bleaching  properties;  and  forms 
^  precipitate  in  any  metallic  solution.  Hydrochloric  acid  and 
chloric  acid  mutually  decompose  one  another:  water  is  formed, 
^the  chlorine  of  both  set  free.     Chloric  acid  consists  of, — 

Chlorine  .  .     47-4  =   1  Equivalent      .     36 

Oxygen  .  52.6  =  5  Equivalents  40 

lOOO  76 


Its  formula  is  ClO^ 
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§  538.  Tlie  character  of  the  salts  of  this  acid  may 
taken  from  that  of  tlie  chlorate  ofpotassa.  When  exposed  t 
low  red  heat  it  fuses^  gives  off  its  oxygen,  and  chloride 
potassium  remains.  We  have  already  mentioned  it  as  a  o 
venient  source  of  pure  oxygen  (§  410).  It  acts  very  en 
geticaUy  upon  most  inflammable  substances,  and  when  trituni 
with  sulphur,  charcoal,  or  phosphorus,  detonates  strongly  w 
the  evolution  of  light  and  htot,  owing  to  the  decomposition 
the  acid. 

§  539.  Another  compound  with  a  less  proportion 
oxygen,  may  be  formed  by  the  action  of  sulphuric  acid  up 
chlorate  of  potassa.  Its  preparation  should  only  be  attempt 
in  smaU  quantities;  as  by  moistening  about  50  grains  of  the  si 
with  a  few  drops  of  strong  acid,  when  a  solid  mass  wiU  I 
obtained  of  an  orange  colour.  By  introducing  this  mass  into 
small  retort,  and  gradually  warming  it  by  a  water  bath  ke 
below  the  boiling-point,  a  yellowish-green  elastic  fluid  pass 
ofi*,  which  is  rapidly  dissolved  by  water,  but  may  be  collected 
small  tubes  over  mercury.  Its  odour  is  peculiar^  and  n 
nearly  so  sufibcating  as  that  of  chlorine.  100  cubic  incb 
weigh  about  7^  grains.  It  explodes  at  a  temperature  bek 
212^  with  great  violence,  and  the  evolution  of  a  bright  lifj^ 
Two  volumes  are  thus  expanded  in  three,  two  of  which  « 
oxygen,  and  one  chlorine,  so  that  its  composition  must  be:— 

Chlorine  .         .     52.9  =  I  Equivalent     .    96 

Oxygen  •    47.1  =  4  Equivalents    • 


100.0  68 


Its  formula  is  CIO4. 

It  has  been  called  the  chlorous  acid;  its  solution  pooeHi 
a  deep  yellow  colour,  and  an  astringent  corrouve  taste.  I 
bleaches  very  strongly.  It  combines  with  the  diflferent  hii 
forming  salts,  which  may  be  produced  by  passing  the  gai^ 
the  solutions.  They  are  all  soluble  and  possessed  of  UmMj 
properties. 


§  540.  From  the  same  source  that  we  obtain  die 
of  chlorine^  we  may  also  procure  chlorine  in  a  still  hig^Nr  d^ 
of  oxidation  than  in  the  chloric  add;  fbr^  after  dw.QKi|ilV 
been  obtained  by  the  action  of  the  ■ulphnrio  aeid  tipQl^ 
chlonte  of  potaasa,  there  remains  a  white  saline 
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nixture  of  two  salts^  namely,  bi-»idphate  of  potassa  and  per~ 
lorate  of  potassa,  which  may  be  easily  separated  by  solution 
d  crystallization,  as  the  former  is  much  more  soluble  than  the 
Iter. 

By  distilling  the  perchlorate  of  potassa  with  its  own  weight 
'  sulphuric  acid,  diluted  with  about  a  fourth  part  of  water,  the 
fr-chhric  acid  separates  in  white  vapours,  which  condense  in 
le  form  of  a  colourless  liquid.  It  is  the  most  stable  of  all  the 
ompounds  of  the  two  elements.  It  may  even  be  obtained  in 
be  form  of  crystals  by  distillation  with  sulphuric  acid,  which 
ibstracts  all  its  water.  It  is  not  decomposed  by  hydrochloric 
icid.    It  is  constituted  of: — 

Chlorine  .         .         .     39.2  =    1  Equivalent      .     36 

Oxygen  .     60.8  =   7  Equivalents  56 

100^  92 


Its  fonnula  being  ClO^. 

Compound  of  Chlorine  and  Nitrogen. 

§  541.  There  is  but  one  known  compound  of  chlorine 
irith  nitrogen,  which  cannot  be  obtained  by  the  direct  action  of 
lie  two  elements;  and  it  is  as  unstable  as  its  compounds  with 
aygen  which  we  have  just  described.  It  may  be  formed  by 
lie  action  of  chlorine  upon  any  of  the  salts  of  ammonia.  When 
Sueous  chlorine  is  passed  into  ammoniacal  gas,  it  decomposes  it 
with  80  much  energy  that  the  gas  inflames:  muriatic  acid  is 
ivmed,  which  combines  with  another  portion  of  the  ammonia, 
>nd  nitrogen  is  left.  By  passing  the  same  gas  into  an  aqueous 
Kdntion  of  the  alkali,  or  by  mixing  the  solutions  of  the  two 
piesi  pure  nitrogen  may  be  collected.  When  chlorine,  how- 
Bver,  ia  passed  into  warm  solutions  of  muriate  or  nitrate  of 
iBunoiuay  the  ammonia  is  still  decomposed,  but  the  nitrogen  is 
■MA  given  off  in  the  free  state,  but  in  combination  with  another 
portion  of  chlorine.  The  same  compound  is  also  formed  by 
Mipoiding  a  crystal  of  ammoniacal  salt  in  a  solution  of  hypo- 
cUoioaaadd. 

It  it  ui  oily-looking  liquid  which  falls  to  the  bottom  of  the 
*hH(m  in  which  it  is  generated,  and  should  not  be  ezperi- 
vpon  in  quantities  larger  than  a  grain  of  mustard  seed ; 
dwn  it  diould  be  handled  with  extreme  caution.  It  is 
%«CHk  powwfully-explosive  compound  known.  Its  specific 
iMfefrk  IJK5,  and  it  does  not  become  solid  at  great  degrees 
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of  artificial  colcL  At  aboot  a  tempenitore  of  2O0P  it  detonilc 
spontaneocisly,  and  the  mere  contact  of  some  combuatiUe  nl 
stances  canaes  it  to  explode.  When  a  ^obule  is  tooched  wil 
oliTe-oil  or  turpentine,  the  concussion  which  is  produced  is  i 
great  as  to  shatter  any  glass  or  earthenware  vessel  in  whidi  d 
experiment  is  made.  Metals,  resins,  and  sugar,  do  not  onl 
narily  cause  its  decomposition:  but  most  greasy  substana 
phosphorus,  n^>htha,  potassa,  and  many  others  cause  it  < 
detonate. 

The  products  of  its  decomposition  are  chlorine  and  nitroge 
and  its  composition  has  been  inferred  to  be : — 

Nitrogen       .  .  •     11^  =    1  E^qairalent       .      14 

Chlorine  .    88.5  =  3  Equi Talents     .    108 

1U0.0  m 


It  has  been  named  chloride  qf  niirogen,  and  its  formnh 
NCI3. 

§  542.  The  nature  of  these  detonations,  and  of  the  if 
and  heat  which  are  thus  given  off  during  the  separation 
elements  which  are  mostly  characterized  by  having  but  a  fed) 
mutual  affinity,  is  by  no  means  understood ;  if,  indeed,  we  a 
be  said  to  understand  the  evolution  of  light  and  heat  at  a 
At  present  the  usual  explanation  of  the  phenomena  of  coo 
bustion  does  not  seem  applicable  to  them.  The  compoundi  < 
nitrogen  are  particularly  liable  to  such  energetic  decompositioii 
which  is  the  more  remarkable,  as  this  element  appears  to  I 
particularly  inert  in  its  combining  powers.  ' 

Compounds  of  Chlorine  with  Carbon  and  Hydrocarbon. 

§  543.  When  a  mixture  is  made  of  two  parts  of  chlorin 
to  one  of  bihydrocarbon  by  volume,  and  ignited,  muriatic  ad 
is  formed,  and  the  whole  of  the  carbon  is  deposited  in  the  ion 
of  a  dense  black  smoke :  but  if  a  mixture  of  equal  volumes  c 
the  two  gases  be  allowed  to  remain  over  water,  complete  con 
densation  takes  place.  The  result  of  the  combination  is  1 
yellow  liquid,  looking  like  an  oil,  but  possessing  a  peculiar  odoa 
and  sweet  taste.  It  is  volatile,  and  may  be  distilled  witM 
change.  It  was  from  the  formation  of  this  substance  thatth 
bihydrocarbon  was  formerly  called  olefiani  gas.  It  possesses 
however,  very  different  properties  from  those  of  oil,  and  wtf 
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properly  l>e  called  the  chloride  of  hydrocarbon.  Its  specific 
gnnty  at  45°  is  1.22,  it  boils  at  152°^  and  at  49°  its  vapour  is 
capable  of  supporting  a  column  of  mercury  of  24.66  inches.  It 
bums  with  a  green  flame,  and  gives  out  copious  fumes  of 
muriatic  acid  and  much  soot.  It  is  composed  of  one  volume  of 
chlorine  and  one  of  olefiant  gas,  or  by  weight  of : — 

Carbon     .  .     24  r=   2  Equivalents  .  12)r».,    ^         , 

Hydrogen  .       4  =   2  „  gjBihydrocarbon. 

Chlorine  .  ^   =   1  Equivalent     .  2^ 

100  ^50 

Formula,  HgCgCl. 

§  544.  When  the  hydrochloride  of  carbon  is  exposed  in 
^  atmosphere  of  chlorine  to  the  direct  rays  of  the  sun,  it  is 
decomposed :  muriatic  acid  is  formed  by  the  abstraction  of  the 
tiydrogen,  and  the  carbon  remains  in  combination  with  chlorine 
Jone.  The  per-chloride  of  carbon  thus  obtained  is  a  trans- 
parent, colourless  solid,  having  very  little  taste,  and  possessing 
In  aromatic  odour  resembling  that  of  camphor.  Its  specific 
pivity  is  2.4.  It  is  very  brittle,  and  a  non-conductor  of  elec- 
bncity.  It  is  volatile  at  common  temperatures,  and  sublimes  in 
very  transparent  colourless  crystals.  It  melts  at  320^,  and  boils 
it  360°  Fahrenheit.  It  is  scarcely  combustible,  but  when  held 
in  the  flame  of  a  spirit-lamp  it  bums  with  a  red  flame,  and 
pves  off  much  smoke  and  fumes  of  muriatic  acid.  It  is  but 
fittle  soluble  in  water,  but  is  readily  taken  up  by  alcohol,  and 
VHty  be  obtained  in  crystals  from  that  liquid  upon  careful  evapo- 
ntion.  The  results  of  both  its  analysis  and  synthesis  concur 
inita  bdng  a  compound  of: — 

Oarbon  .     10  =:  2  Equivalents  6 

Chlorine        .        .        .    90  =  3  „  .  J08 

100  120 


Formula,  CsCl^. 

§  545.  This  compound  may  be  converted  into  a  proto^ 
'VbMp  by  simply  passing  its  vapour  through  an  ignited  glass 
^^  eontsining  fri^;ments  of  glass  or  rock  crystal^  to  increase 
%lMkted  surfroe.  Chlorine  escapes,  and  a  fluid  passes  over 
"n  may  be  separatdiy  condensed. 
tiii  bnpid  and  colourless ;  does  not  assume  the  solid  fbrm^ 
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even  at  0°  of  Fahrenheit,  and  is  volatilized  at  a  tempcratme 
between  160°  and  170°.  Its  specific  gravity  is  about  1.3.  U 
may  be  distilled  without  change,  but  undergoes  deconipo«tion 
at  a  full  red  heat.  It  niay  be  mixed  with  alcohol,  ether,  and 
oils,  but  not  with  water.  It  is  not  combustible,  except  when 
held  in  the  flame  of  a  lamp,  when  it  bums  with  a  yellow  lights 
and  gives  off  much  smoke,  mixed  with  muriatic  acid.  Iti 
analysis  shows  it  to  be  composed  of: — 

Carbon  .         •         .       14.3  =:   1  Equivalent     .     6 

Chlorine         .  .       85.7  =1  „  .36 

100.0  T2 


Formula,  CCI. 

Compound  of  Chlorine  and  Cyanogen, 

§  546.  When  the  deutocyanide  of  mercury  is  moistened 
with  w^ater  and  exposed,  in  the  dark,  to  the  action  of  chlorine 
in  a  closed  vessel,  deutochloride  of  mercury  is  formed,  and  1 
compound  of  cyanogen  and  chlorine  in  vapour.  By  exposort 
to  a  temperature  of  0^  Fahrenheit  the  chloride  of  qfOMOgm 
solidifies.  In  this  state,  after  absorbing  any  moisture  from  it 
by  fused  muriate  of  lime,  the  bottle  is  filled  with  menmiji 
inverted,  and  heat  applied,  when  it  again  rises  in  the  elmie 
state.  At  a  temperature  of  about  6°,  or  under  a  pressure  rf 
four  atmospheres  at  60^,  it  assumes  the  liquid  state.  It  it 
soIu1)le  in  water,  but  to  a  greater  extent  in  alcohol  and  etber. 
Its  vapour  is  very  deleterious  when  breathed,  and  irritates  th 
eyes.  100  volumes  of  tlie  vapour  consist  of  50  volumei  rf 
cyanogen  and  50  of  chlorine,  and  it  is  a  compound  of: — 

Nitrogen      .     22.61       ''      ^      I  s=   1  Equivalent    .    14 


Chlorine       .     68.0        .         .      =   1 

100.0 


^» 


Formula,  CsN,CI  or  CyCl. 

Bromine. 

§  547.  In  the  mmiu£Eu^ure  of  culinary  salt  firom  tfi* 
water,  after  the  process  of  evaporation  and  cryataIIiatio%  ^■ 
uncrystallisable  residue  remains,  which  goes  b 
Utterum    It  cxintains  in  aolution  a  salt  of  exactly 
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ition  to  the  chloride  of  sodium,  bat  in  which  another  non- 
allic  element  is  united  ^ith  the  metallic  basis.  It  may  be 
inted  by  passing  chlorine  into  the  solution,  which,  from 
srior  affinity,  combines  with  the  metal,  and  a  deep  yellow 
or  is  immediately  developed,  and  a  strong  peculiar  odour, 
listillation  and  passing  the  vapour,  as  it  rises,  over  chloride 
dcium,  to  detain  the  water,  a  few  drops  may  be  obtained  of  a 
tile  liquid,  of  a  red  colour,  which  will  fill  the  receiver  with  a 
rur  resembling  those  of  the  nitrous  add.  It  has  been  called 
ine. 

t  is  better  obtained  by  agitating  the  liquid,  after  the  action 
be  chlorine,  with  ether,  which  exercises  a  strong  solvent 
er  upon  the  bromine  and  separates  it  from  the  aqueous 
ion.  It  may  be  separated  from  the  ether  by  the  action  of 
gsa,  which  forms  with  it  a  bromide  of  potassium  and  a  bro- 
!  o/poiassa^  exactly  in  the  same  way  that  chloride  of  potassium 
chlorate  of  potassa  are  formed  under  similar  circumstances 
(6).  By  evaporation  to  dryness  and  exposure  to  a  dull  red 
f  the  bromate  is  easily  converted  into  bromide.  This  salt 
then  be  treated  exactly  in  the  same  way  as  chloride  of 
am  in  the  generation  of  chlorine,  with  oxide  of  manganese 
sulphuric  acid.  Red  vapours  are  given  off  by  distillation, 
ik  condense  into  blackish-red  drops  in  the  cooled  receiver. 

§  548.  Bromine  is  a  fluid  of  a  hyacinth-red  colour,  when 

red  by  transmitted  light.    At  a  temperature  a  little  below 

Fahrenheit,  it  suddenly  congeals,  and  is  very  brittle.     Its 

ir  is  extremely  disagreeable  and  intense,  its  taste  unpleasant, 

very  powerful.     It  is  very  poisonous.     It  corrodes  the  skin, 

stains  it  yellow,  but  not  permanently.     Its  specific  gravity 

966.     It  is  very  volatile,  gives  off  red  vapours  at  common 

)eratures,  and  boils  at  116.5. 

liight  which  has  been  transmitted  through  the  vapour  of 

line  much  dUuted  with  common  air,  presents,  when  analyzed 

le  prism,  a  spectrum  interrupted  by  more,  probably,  than 

equidistant  lines;  as  the  vapour  becomes  denser,  the  blue 

af  the  spectrum  disappears,  and  the  lines  in  the  red  part 

rae  more  distinct.     In  this  extinction  of  the  blue  rays  it 

jnts  a  marked  analogy  with  chlorine.     The  arrangement  of 

lines  is  quite  different  from  that  of  the  lines  presented  by 

mosphere  of  nitrous  acid  (§  463),  although  the  two  vapours 

ot  be  distinguished  from  each  other  bv  colour. 

2c 


386  HYDROBROMIC  ACID. 

A  taper  will  not  bum  in  its  vapour^  but,  when  mixed  with 
air,  it  alters  the  tint  of  the  flame.  It  is  soluble  in  ^'ater,  alcokd 
and  particularly  in  ether.  It  does  not  redden,  but  destroys,  th 
colour  of  litmus,  and  even  of  indigo.  It  forms  a  crystaUin 
combination  with  water  at  a  temperature  of  32°  Fahrenheit,  in 
the  form  of  the  crystals  is  octohedral.  They  are  of  a  red  tint 
and  continue  permanent  even  at  the  temperature  of  50°. 

Bromine  produces  a  characteristic  deep  yellow  colour  ¥ki 
mixed,  even  in  small  quantities,  with  cold  solution  of  starch. 

Compound  of  Bromine  and  Hydrogen, 

§  549.  When  the  vapour  of  bromine  and  hydn^  ■ 
mixed  together,  they  do  not  react  upon  one  another  at  ordinir 
temperatures,  even  when  exposed  to  the  direct  light  of  the  sv 
neither  does  the  mixture  explode  by  the  passage  of  an  eledii 
spark:  but  if  a  coil  of  red-hot  platinum  wire  be  suspended  in  i 
combination  goes  on  upon  its  surface,  and  enough  heat  is  dixi 
gaged  to  maintain  the  process. 

A  colourless  gas  is  thus  formed,  possessed  of  strong  ad 
properties.  It  may  also  be  obtained  in  larger  quantities  by  d 
action  of  sulphuric  acid  upon  the  bromide  of  potassium.  It 
called  the  hydro^bromic  acid.  It  is  rapidly  absorbed  by  witi 
but  may  be  collected  and  preserved  over  mercury.  It  prodne 
dense  white  vapoiurs  when  it  escapes  into  the  air,  from  its  ooi 
bination  with  aqueous  vapour,  and  it  possesses  a  strong  initi 
ing  odour.  Its  solution  in  water  is  colourless,  and  posMM 
the  principal  properties  of  the  gas. 

The  hydrobromic  acid  is  decomposed  by  chlorine,  wU 

combines  with  its  hydrogen  to  form  hydrochloric  add,  and  d 

bromine  is  set  free.     Potassium  decomposes  it,  oombinei  lA 

the  bromine,  and  disengages  exactly  half  its  volume  of  pi 

hydrogen.    The  weight  of  100  cubic  inches  of  the  acid  is  aboi 

85  grains. 

50  cubic  inches  of  Hydrogen  •       \M 

50  „  Bromine 


100  9&M 


Or  it  consists  of: — 

Hydrogen    •  1.255  s:  1  Equfalent    .    I 

Bromine  .    08.746  =  1         „  •  9f    - 

i 


100.00  Ji 

Fonnnlai  HBr. 


i 
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Compound  of  Bromine  and  Oxygen. 

§  550.  We  have  already  stated  (§  547)  that,  when  bro- 
e  is  passed  into  a  solution  of  potassa,  a  bromide  of  potassium 
a  bromate  of  potassa  are  formed;  and  the  same  adjustment 
le  afiinities  of  the  elements  concerned  takes  place  with  other 
s.  Thus  a  bromide  of  barium  and  a  bromate  of  baryta  may 
procured,  the  former  of  which  may  be  easily  separated 
I  tlie  latter  from  its  superior  solubility.  The  bromic  acid 
be  disengaged  from  the  bromate  of  baryta  by  sulphuric 
,  which  forms  an  insoluble  compound  with  the  base,  and 
S8  the  acid  in  solution.  It  possesses  scarcely  any  odour, 
has  an  acid  taste,  and  reddens,  and  gradually  destroys,  the 
colour  of  litmus.  It  is  similar  in  its  constitution  to  the 
ric  acid,  and  is  composed  of : — 

Bromine  .         .      66.1   =   1  Equivalent     .     78 

Oxygen         .         .         .      33.9  =  5  Equivalents    .    40 

100.0  118 


Formula,  Br05. 

nlost  of  the  salts  of  the  bromic  acid,  like  those  of  the  chloric, 
1  mixed  with  sulphur  or  other  combustibles,  detonate  with 
»w,  and  scintillate  upon  hot  charcoal. 

Iodine. 
§  551.  The  ashes  of  sea-weeds,  called  kelp,  which  are 
sly  produced  on  the  western  coast  of  Scotland,  and  were 
Mxly  Tcry  much  used  in  the  manufacture  of  soap,  afford 
lier  nndecomposed  substance,  which  in  its  properties,  and 
let  of  extraction  and  combination,  strongly  resembles 
ime  and  bromine. 

After  the  separation  of  the  carbonate  of  soda  from  the  kelp, 
mcrystallisable  residue  renudns,  containing  a  salt  exactly 
kgoua  to  the  chloride  and  bromide  of  sodium.  By  mixing 
node  of  manganese  with  it,  and  pouring  upon  it  sulphuric 
i^liewitHul  violet  vapours  make  their  appearance,  which 
■Ian  upon  oooling  into  crystalline  plates  of  the  colour  and 
to  of  ^ombago.  These  crystals  may  easily  be  collected 
^  Ued  between  foLds  of  blotting-paper.    The  substance  ia 

IMS.  te  n  a  acxft  friable  aolkl,  at  the  ordiiuuy  tempera- 

9o9 
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turc  of  the  atmosphere,  and  assumes  the  form  of  brilliani 
or  plates.  It  crystallizes  as  an  elongated  octohedron 
rhomboidal  plates.  It  possesses  a  hot  and  acrid  taste,  I 
very  sparingly  soluble  in  water.  It  is  poisonous  in  largi 
but  is  much  used  in  medicine.  At  60°  Fahrenheit  it  is 
five  times  as  heavy  as  water.  It  produces  a  yellow  stai 
the  skin,  which,  however,  speedily  disappears.  It  slov 
porates  in  the  air  at  ordinary  temperatures,  and  more  n 
moist.  It  fuses  at  225°,  and  assumes  the  elastic  form  rni 
ordinary  barometric  pressure,  at  350°  Fahrenheit, 
aeriform  state  it  is  of  a  beautiful  violet  colour,  and  is  12 
heavier  than  hydrogen:  100  cubic  inches  of  the  vapour  n 
2G4.75  grains:  and  it  is  8.7  times  heavier  than  air. 

The  spectrum  of  light  passed  through  a  dilute  atmos{ 
iodine,  presents  a  series  of  equidistant  lines,  resemblin. 
produced  by  bromine.  A  new  and  unexpected  analogy 
presented  between  two  substances,  which  liave  alwaj 
remarkable  as  having  many  other  properties  in  common, 
these  elements  also  agree  with  chlorine,  in  acting  mos 
getically  upon  the  violet  end  of  the  spectrum,  which,  w! 
vapours  are  sufficiently  dense,  they  entirely  cut  off. 

Iodine  has  the  property  of  forming  an  insoluble  cor 
witli  stiirch,  of  a  beautiful  blue  colour,  which  is  so  chanu 
as  to  be  used  as  a  test  of  its  presence  in  very  minute  qiu 
A  solution  containing  not  more  than  one  450,000th 
weight,  will  become  blue  by  the  addition  of  a  cold  soh 
this  vegetable  substance. 

It  is  very  soluble  in  ether  and  alcohol,  and  possesses 
ing  powers,  but  not  so  great  as  those  of  chlorine  and  bra 

It  is  not  an  unfrequent  ingredient  in  mineral  spi 
combination  with  sodium  or  potassium.  It  has  also  bi 
tected  in  certain  molluscous  animals,  as  the  oyster;  and 
been  found  in  the  mineral  kingdom  in  combination  widi 

The  history  of  its  combinations  is  almost  a  repeti 
those  of  chlorine  and  bromine* 

With  the  metals  it  forms  binary  compoimd%  wid 
called  iodides,  and  are  named  in  the  same  way  as  the  oni 
chlorides. 

Combination  qf  Iodine  and  Hgdrogen^ 

\  653.  When  iodine  is  heated  in  hydragmi  AijI.IP 
the  gas  is  doubled,  and  a  powerful  colourless  aqidi||il 
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i  rapidly  absorbed  by  water^  and  so  residily  acted  upon 
;ury,  that  it  cannot  long  be  preserved  over  that  fluid.  It 
procured  in  large  quantities  from  the  iodide  of  potas- 
sodium,  the  latter  of  which  is  the  salt  which  is  contained 
shes  of  sea-weeds,  by  the  action  of  sulphuric  acid.  It 
lowever,  upon  the  sulphuric  acid;  abstracting  a  part  of 
en  and  precipitating  iodine. 

gas  is  colourless,  has  a  very  sour  taste  and  pungent 
and  reddens  blue  vegetable  colours  without  ultimately 
ig  them.  Mercury  decomposes  it,  unites  with  the  iodine, 
•es  half  the  volume  of  hydrogen.     Now: — 

Cubic  Inches.  Grains. 

50  Hydrogen  .     weigh       1.06 

50  Iodine  vapour  .         .       „        132.37 

100  Hydriodic  acid .         .       „        133.43 


p-ees  ^-ith  the  weight  by  direct  experiment.     Hydriodic 
sists  therefore  of: — 

^rogen  .  .  0.8  =   1  Equivalent    .  1 

ine     .         .         .  99.2  =1  „  .    _125 

100.0  126 


Formula,  HI. 

loentrated  solution  of  hydriodic  acid  in  water  fumes  in 
and  has  a  density  of  1.7*  Mercury  does  not  act  upon 
nigh  it  decomposes  the  acid  so  readily  in  the  gaseous 

lime  decomposes  it,  forms  muriatic  acid  with  its 
n,  and  precipitates  the  iodine.  It  is  also  decomposed 
Mure  to  the  air;  the  oxygen  of  which  abstracts  the 
91,  and  sets  the  iodine  free. 

Compounds  q/'  Iodine  and  Oxygen, 

(554.  There  are  several  compoimds  of  iodine  with 
I  Mmue  of  which  require  farther  examination.  An  oxide 
t  ia  formed  by  heating  iodine  in  the  air  or  in  oxygen 
!il  a  yelloiroleaginoaa  liquid,  of  an  acrid  and  disagreeable 
It  dowly  evaporates,  is  soluble  in  water  and  in  alcohol, 
IkitaiBi  phoaplionu. 

le  process  fiirtiher  and  heating  iodine  in  m 
m  ftuthier  comlnnation  takes  place,  whidi  is 
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probably  iodous  acid.  It  may  also  be  obtained  by  heatbg  m 
part  of  iodine  with  three  parts  of  chlorate  of  potassa  in  a  retot 
A  dense  fluid  may  be  obtained  by  distillation,  which  itddai 
litmus,  is  soluble  in  water,  and  volatilizes  at  a  tempentareil 
112^  Fahrenheit.  But  the  most  permanent  and  best  charactemd 
is  an  acid  of  exactly  similar  constitution  to  that  of  the  chkai 
and  bromic  acids.  It  cannot  be  obtained  by  the  direct  adii 
of  iodine  upon  oxygen,  but  may  be  formed  by  acting  uponil 
hypochlorous  acid,  or  the  peroxide  of  chlorine,  by  iodine.     ^ 

When  the  gas  comes  into  contact  with  the  solid,  there  ii 
immediate  action;  its  colour  changes  to  a  bright  orange, 
liquid  is  formed.    By  the  application  of  a  gentle  heat,  an 
coloured  volatile  compound  of  chlorine  and  iodine  is  drirea^ 
and  a  compound  of  iodine  and  oxygen  remains.     It  is  a 
semi-transparent  solid,  without  smcdl,  but  possessing  a 
astringent  sour  taste.     It  is   very  soluble   in  water,  ml 
specific  gravity  is  more  than  2.     Its  aqueous   solutioD 
reddens,  and  then  destroys  blue  vegetable  colours. 

Iodic  acid  is  decomposed  by  heat,  and  the  sole  prododiiil 
iodine  and  oxygen.     It  is  composed  of: — 

Iodine     •         •         .         7^*76  =:    1  Equivalent     •    ISS 
Oxygen  .         .  24.24  =  6  Equivalents  .    J0 

100.00  165 


Formula,  IO5. 

When  mixed  with  charcoal,  sugar,  sulphur,  and  other  cooli^ 
tibles,  it  detonates  upon  the  application  of  heat,  and  allitirf 
deflagrate,  like  the  chlorates,  upon  ignited  charcoal. 

Compounds  of  Iodine  and  Nitrogen* 

§  555.  Iodine  and  nitrogen  cannot  be  made  to  vj 
directly ;  but  if  iodine  be  kept  for  a  short  time  in  a  9cAa6m4 
ammonia  in  water,  the  ammonia  is  decomposed ;  its  hjdn^ 
unites  with  one  portion  of  the  iodine,  and  its  nitrogea^ 
another.  The  latter  compound,  or  iodide  of  nitrogen^  ii  1^ 
cipitated  in  the  form  of  a  deep  brown  powder.  It  enpf^ 
spontaneously  in  the  open  air.  Like  the  chloride  of  tbc«*! 
element  it  is  highly  explosive,  either  by  heat  or  friction.  » 
detonates  violently  almost  as  soon  as  it  is  dry,  and  4P 
pressure  will  produce  the  same  effect  even  when  moist 
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It  consists,  according  to  its  analysis,  of : — 

Iodine         .  .  .     96.4  =  3  Equivalents     .     375 

Nitrogen     •  .  .      3.6  =   1  Equiralent       .    JI4 

100.0  389 


Fonnula,  NI3. 

§  556.  The  advantages  which  the  science  of  chemistry 
red  fironi  the  discovery  of  the  great  law  of  definite  and 
ralent  proportions  cannot  be  better  illustrated  than  by  the 
>ry  of  the  two  last  elementary  substances  compared  with 
(k  chlorine.    They  are  but  of  recent  discovery ;  and  in  a 

hw  months  after  their  announcement,  they  were  placed 

I  the  scale  of  equivalents  with  as  much  certainty  as  sub- 

oes  with  which   chemists  had   been  acquainted  from  the 

dawn  of  science.     Chlorine  had  been  the  subject  of  doubt 

controversy  for  a  period  of  half  a  century  before  its  nature 

accurately  determined ;  and  just  views  of  it  were  not,  in 
,  established  till  confirmed  by  the  strong  analogies  which 
ne  and  bromine  present.  Such  is  the  importance  of  this 
,  which  has  now  been  established  by  a  sufficient  number  of 
ances,  that  we  feel  confident  that^  when  one  or  two  careful 
eriments  shall  have  been  made  upon  any  new  substance,  which 
f  hereafter  occur,  in  order  to  determine  its  equivalent  num- 
,  all  the  proportions  in  which  it  can  enter  into  combination 
h  all  other  known  bodies  will  at  once  be  known.  This  is  a 
;ree  of  knowledge  to  which,  without  the  law,  the  labours  of  a 
ig  life  would  be  scarcely  sufficient  to  attain :  and  it  is  pos- 
ted with  a  degree  of  clearness,  which  at  once  guides  to 
periment  and  corrects  its  results. 

The  substance^  however,  which  must  next  occupy  our 
mention,  as  being  connected  by  strong  resemblance  of  consti- 
tkm  to  the  three  last,  is  calculated  to  repress  any  undue 
ding  of  exultation  at  the  present  advanced  position  of  our 
ience,  which  reflections  like  the  preceding  may  be  calculated 
» engender^  for  our  present  uncertain  and  hypothetical  views 
OQoeming  it  have  been  deemed  the  reproach  of  chemistry. 

Fluorine. 
i  557.   Fluorine  is  the  name   of  an   elementary  body 
*ich  has  not  hitherto  been  obtained,  at  least  in  satisfactory 
""•tttitics,  in  an  insulated  state.     Its  powers  of  combination 
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are  supposed  to  be  so  exalted  and  bo  extensive,  that  no  hod 
has  been  found  capable  of  resistbig  its  energetic  action.  Tli 
e^Hdence  of  its  existence  is  derived  chiefly  from  analogy.  1 
exists  in  nature  as  a  component  part  of  a  few  minerals,  one  ( 
which  only  is  found  in  any  abundance:  it  is  well  known  i 
mining  districts  by  the  name  offlttor  gpar. 

It  is  found  crystallized  ordinarily  in  cubes  of  various  colour 
(<;reen,  yellow,  and  purple;  and  there  is  a  beautiful  coupft 
variety  which  occurs  in  Derbyshire,  which  is  worked  iiil 
splendid  ornamental  vases, 

§  558.  If  tliis  mineral  be  reduced  to  powder,  mixed  vii 
twice  its  weight  of  strong  sulphiuic  acid,  and  subjected 
distillation,  a  powerful  and  highly-corrosive  liquid  acid  may  i 
obtained.  For  this  purpose  a  leaden  or  silver  retort  and  rcceiv 
must  be  employed ;  and  while  a  moderate  heat  is  applied  to  tl 
former,  the  latter  must  be  kept  cool  by  ice.  Tlie  product  nn 
be  i)reserved  in  leaden  or  silver  bottles,  upon  which  metals 
has  no  action.  It  is  extremely  volatile,  and  not  easily  confine 
In  appearance  it  resembles  oil  of  vitriol.  Its  specific  gravit 
when  first  prepared,  is  1.06;  but  is  increased,  by  tlie  gndo 
addition  of  water,  to  1.25.  When  dropped  into  vmttT  ahiSK 
noise  is  perceived,  similar  to  that  which  is  produced  when  iti 
hot  iron  is  quenched  in  that  liquid.  It  is  necessary  to  I 
extremely  cautious  in  experimenting  with  this  substance,  tti 
vapours  are  highly  irritating,  and  when  applied  to  the  skin,  en 
in  small  quantities,  it  disorganizes  it  so  rapidly  as  to  prodtf 
dangerous  ulcers.  In  addition  to  the  usual  propeitiea  of 
powerful  acid,  it  possesses  that  of  acting  strongly  upoD  ^ 
and  corroding  it  deeply. 

§  559.  When  this  acid,  in  a  state  of  purity^  is  bnq{i 
into  contact  with  potassium,  a  violent  detonation  takei  phoi 
hydrogen  gas  is  given  off,  and  a  solid  white  saline  sabitineBi 
formed.  \^lien  lime  is  thrown  into  it,  violent  heat  is  genflnii 
water  is  given  off,  and  the  same  substance  as  fluor  wpuhf^ 
duced.  Hence,  it  has  been  concluded  that  the  acid  is 
of  hydrogen  united  to  an  elementary  substance 
chlorine,  bromine,  &c.,  and  which  has  been  called  flmrkk^  I 
the  first  experiment  fluoruk  qf  potturium  is  fiii  iiwjd  tti^ 
hydrogen  evolved,  as  in  the  analogous  action  of  iMilsiwiilplJli! 
dry  muriatic  add  gas :  and  in  the  seooBd,  jtmriiA  ff  Jfik 
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e  metallic  base  of  lime)  is  the  result;  tlie  hydrogen  of  the 
d^  and  the  oxygen  of  the  base,  forming  water. 

§  560.  A  strong  argument  in  favour  of  this  view  of  the 
isdtution  of  hydrofluoric  acid  is  derived  from  tlie  fact,  that 
lydrous  sulphuric  acid  does  not  act  upon  fluor  spar.  There 
ng  no  water  present  to  furnish  oxygen  to  the  calcium,  and 
Irogen  to  the  fluorine,  the  hydrofluoric  acid  cannot  be  formed. 
s  probably  constituted  of: — 

Hydrogen  •  .         .     5.26   =   1  Equivalent  1 

Fluorine     .  .  94.74  =1  „  'J? 

100.00  J9 

Formula,  HF. 

Sulphur. 

§  561.  Our  next  non-metallic  element,  ^/JD^ttr,  (conunonly 
►wn  by  the  name  of  brimstone^  is  one  of  the  few  elementary 
stances  which  occur  in  nature  in  their  simple  forms,  and  has 
n  known  from  the  earliest  ages  of  the  world.  It  is  a  mineral 
ich  is  found  in  large  quantities  in  the  neighbourhood  of 
canoes ;  and,  as  an  article  of  commerce,  is  chiefly  imported 
m  the  Mediterranean.  It  is  also  extracted  for  use  from  some 
its  natural  coni pounds.  It  is  commonly  met  with  in  two 
ms ;  that  of  a  compact  brittle  solid,  and  a  fine  powder.  It  is 
a  light  yellow  colour,  and  when  rubbed  and  melted  emits  a 
culiar  odour,  but  is  tasteless.  It  is  insoluble  in  water,  and 
t  very  readily  soluble  in  alcohol,  but  is  taken  up  by  spirits  of 
rpentine.  It  has  about  double  the  weight  of  water,  its  specific 
avity  being  1.98.  It  is  readily  melted  and  volatilized;  softens 
105°,  and  begins  to  evaporate  at  1 70°.  At  232°  it  becomes 
impletely  fluid ;  but  possesses  the  peculiar  property  of  solidi- 
ing  at  a  higher  degree.  At  320°  it  becomes  tenacious  and  of 
red  tint,  and  at  430°  the  vessel  containing  it  may  be  inverted 
ithout  changing  its  position.  It  becomes  again  fluid  by  cooling 
r  by  raising  its  temperature  to  482°.  This  is  a  striking  instance 
f  that  dimorphism^  which  we  have  before  exemplified  (§  126) 
1  die  form  of  its  crystals.  It  boib  at  600°,  forming  an  orange- 
doured  vapour,  die  density  of  which  is  about  6.6. 

At  mean  pressure  and  temperature,  100  cubic  inches  of  this 
^or  would  weigh  206  grains,  being  96  times  heavier  than 
7drogen;  its  combining  volume  is,  therefore,  only  ^th  of  that 
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of  hydrogen.     It  condenses  in  the  form  of  a  yellow  powch 
which  is  known  by  the  name  ol  flowers  ofg^dphur. 

In  its  affinities  and  modes  of  combination,  it  stands  inU 
mediate  between  oxygen,  chlorine,  and  bromine,  on  the  o 
hand,  and  hydrogen  and  carbon  on  the  other,  having  stro; 
analogies  to  both  groups.  Like  the  former,  it  enters  into  unii 
with  hydrogen  and  forms  a  hydro-acid;  and  combines  with  t! 
metals,  forming  a  series  completely  parallel  with  the  oxides  ai 
chlorides,  which  are  called  sulphurets;  and  like  the  latter, 
forms  equally  stable  compounds  with  oxygen. 

Compounds  of  Sulphur  and  Hydrogen. 

§  562.  By  repeatedly  subliming  sulphur  in  hydrogesi 
combination  between  the  two  elements  takes  place  witfao 
cliange  of  volume  in  Uie  gas;  and  the  product  is  properly  call 
hydro-sulphuric  acid,  but  is  generally  known  by  the  name 
sulphuretted  hydrogen.  It  may  be  produced  in  abundance, 
we  have  already  said  (§  513),  by  acting  upon  sulphuret  of  ir 
by  dilute  sulphuric  acid.  It  is  quickly  absorbed  by  water;  I 
may  be  collected  over  that  liquid  warmed,  in  glass  bottles  fitl 
with  glass  stoppers  which  must  be  inserted  the  moment  tl 
are  filled  with  the  gas. 

It  is  colourless  and  transparent.  Its  smell  is  very  foetid  a 
offensive,  and  its  taste  is  slightly  acid.  It  reddens  the  bl 
colour  of  litmus.  It  is  highly  poisonous,  and  a  nuxture 
^-^th  in  die  atmosphere  has  proved  fatal  to  a  dog  whidi  i 
forced  to  breathe  it.  It  is  inflammable,  and,  like  hydrpgi 
bums  either  silently  or  with  explosion,  according  to  the  c 
cumstances  of  its  mixture  with  oxygen.  It  instantly  exti 
guishes  all  burning  bodies  immersed  into  it.  The  gas  hu  be 
liquefied  by  a  pressure  amounting  to  17  atmospheres  at  5(f}  ■ 
was  colourless  and  very  limpid.  It  exists  in  sdution  in  mi 
mineral  waters.  Water  will  take  up  about  three  times  its  bd 
and  the  solution  possesses  all  the  properties  of  the  gas. 
exists  in  large  quanlilies  in  the  waters  of  some  minenJ  qiriql 
and  also  in  the  waters  of  the  ocean  upon  the  Western  Coait' 
Africa. 

When  one  volume  of  gaseous  hydrosnlphuric  aeid  ii  drii 
nated  with  half  its  volume  of  oxygen,  the  sulphur  it  |MnBcipitii( 
and  water  formed;  but  when  mixed  with  one  vbfamia  aadfthi 
of  oxygen^  water  is  formed,  and  one  volume  of  m  gMBCM  ^S'^ 
pound  of  sulphur  and  ox]rgen. 
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The  gas^  therefore^  consists  of  :— 

Sulphur      .         •         .    94.1   =   1  Equiyalent        .       16 
Hydrogen  .         .         •      5.9  =1  „  .         ] 

100.0  I7 


Formula,  HS. 

Chlorine,  bromine,  and  iodine,  instantly  decompose  the 
hydrosulphuric  acid,  combining  with  its  hydrogen  and  precipi- 
tating the  sulphur:  and  the  best  way  of  forming  solution  of 
liydriodic  acid  is  to  pass  sulphuretted  hydrogen  through  water 
holding  iodine  in  suspension.  The  oxides  of  the  different 
metals  mostly  decompose  it;  and  water,  and  variously-coloured 
solphurets  of  the  metals  are  the  products. 

§  563.  A  second  combination  of  sulphur  with  hydrogen, 
of  which  the  sulphur  is  double  that  of  the  last  compound,  may 
he  fomied  by  dropping  a  strong  solution  of  »ulphuret  of  potas- 
ftitm,  or  calcium^  into  dilute  muriatic  acid.  A  small  quantity  of 
sulphuretted  hydrogen  is  given  off,  some  sulphur  is  deposited, 
uid  an  oil-like,  adhesive,  brown  liquid  falls  to  the  bottom  of  the 
solution.  It  has  a  specific  gravity  of  1.769.  Its  smell  and 
taste  greatly  resemble  those  of  sulphuretted  hydrogen.  It 
hums  with  a  blue  flame,  and  has  the  property  of  combining 
with  some  bases  in  the  manner  of  an  acid.  It  has  some  pro- 
perties which  render  it  analogous  to  the  peroxide  of  hydrogen 
K493).  It  possesses  like  it  considerable  bleaching  powers;  its 
decomposition  is  effected  by  the  mere  contact  of  many  sub- 
*teces,  sv.ch  as  metals  and  metallic  oxides.  A  strong  effer- 
^^eaoence  from  the  escape  of  sulphuretted  hydrogen  is  produced 
■7  peroxide  of  magnanese,  alkaline  bases,  and  silica,  and  the 
oxide  of  silver  is  reduced  with  such  energy,  as  to  become 
'I'eaiidescent.  The  substances  which  occasion  this  decompo- 
*ition  at  the  same  time  undergo  no  change.  It  has  been  named 
^o-4idph!uretted  hydrogen. 

Formula,  HSg. 

Compounds  qf  Sulphur  and  Oxygen. 

{  564.  When  sulphur  is  burned  in  dry  oxygen  gas,  the 
''^  undei^goes  no  change  of  volume;  but,  at  common  tem- 
P^^teres  and  pressnireB,  a  colourless  transparent  gas  is  the 
P^^^^QCI^  which  is  diatinguiahed  from  all  other  elastic  fluids  by  a 
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scLii«'j<ratzzi^  pcc^ezit  odour  veO  kmiwu  as  the  amdl  of  buniing 
brimsc&ne.  It  max  be  obtamed  in  abundance,  and  in  a  state  of 
zreat  pciritT.  by  the  action  of  strong  solpboric  acid  upon  mer 
coTT.  The  ir.TiLiin*  may  be  pot  into  a  retort  and  heated,  but 
the  prcfd:ict  of  the  operation  must  be  collected  over  mercory. 
It  15  called  tulpkurom*  acid  ^at. 

It  extrngnwhes  ail  bomin?  bodies  when  immersed  in  it  and 
cannot  itself  be  burned.  It  is  instantlr  fieital  to  animal  life.  It 
assomes  the  Hqoid  form  under  a  pressure  not  exceeding  that  of 
two  atmospheres,  or  at  the  degree  of  cold  produced  by  a  mixture 
of  pounded  ice  and  salt.  It  is  then  very  limpid^  and  its  re&a& 
tire  power  is  neaiiy  equal  to  that  of  water.  Its  specific  gniYitj 
is  1.45,  and  it  boils  at  a  temperature  of  14°  Fahrenheit.  Itfint 
reddens  blue  vegetable  colours,  and  afterwards  bleaches  tbem. 
It  does  not,  however,  destroy  them,  for  stronger  acids  wiH 
restore  their  tint.  Its  bleaching  powers  are  considerable,  and 
the  vapour  of  burning  sulphur  is  employed  in  whitening  silk 
and  straw-work. 

One  hundred  cubic  inches  of  oxygen  just  double  their 
weight  in  combining  in  this  way  with  sulphur,  so  that  sulpbtt- 
rous  acid  is  composed  of: — 

Sulphur  •  .     50  =   1  flqaivalent  16 

Oxjgen  .     50  =r   2  Equivalents        .     16 

Too  "32 


Water  at  60°  dissolves  about  thirty-three  times  its  bulk  of  this 
gas ;  and  the  solution  possesses  its  pecidiar  odour  and  taste, 
which  is  astringent.  It  also  forms  a  solid  hydrate  by  com- 
bining with  14  equivalents  of  water. 

Formula,  SO^. 

§  565.  A  mixture  of  sidphurous  acid  and  oxygen  gases 
may  be  kept  for  any  length  of  time  without  showing  any  dispo- 
sition to  combine,  provided  they  be  quite  free  from  moistarc 
But  if  water  be  present,  the  sulphurous  acid  will  graduaUy  unit* 
to  a  further  propoition  of  oxygen ;  and  the  compound,  which  is 
sulphuric  acidy  will  be  taken  up  by  the  water.  A  solution  oi 
sulphurous  acid  also  undergoes  the  same  change  by  exposure  ta 
the  air. 

By  boiling  sulphur  in  nitric  acid  it  may  also  be  oxygenated 
to  the  utmost,  and  sulphuric  acid  formed.  It  is  an  artideot 
very  considerable  importance,  and  largely  employed  in  the  art* 
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By  distilling  at  a  high  heat  the  salt  which  is  commonly 
known  by  the  name  of  green  vitriol^  which  is  a  compound  of 
ndpharic  acid  and  protoxide  of  iron^  the  water  of  crystallization 
it  first  driven  off,  and  a  dense,  oily,  colourless  liquid  may  be 
afterwards  collected ;  which  emits  white  vapours  on  exposure  to 
the  air.  If  this  liquid  be  again  distilled  at  a  lower  temperature, 
into  a  receiver  kept  cool  by  ice,  a  transparent  colourless  vapour 
will  pass  over,  and  concrete  into  a  white  solid,  of  the  texture  of 
asbestos  or  flocks  of  silk.  It  is  tough  and  elastic,  liquefies  at 
a  temperature  of  about  66^  Fahrenheit,  and  boils  between  110^ 
pnd  120^.  It  has  a  strong  attraction  for  water,  and  takes  it 
from  the  atmosphere.  This  solid  body  is  pure  anhydnms  sul- 
phuie  acid,  and  the  residue  in  the  retort  will  be  common  oil  of 
vitriol,  or  o^tic'O-suIphuric  acid.  When  the  former  is  passed 
through  a  red-hot  porcelain  tube,  it  is  resolved  into  one  volume 
of  oxygen  gas  and  two  of  sulphurous  acid. 

§  566.  The  difference  between  the  forces  of  chemical 
affinity  and  mere  adhesion  cannot  be  more  strikingly  exem- 
iJified,  perhaps,  than  by  the  relations  of  this  acid  to  water. 
The  combination  of  the  first  equivalents  so  completely  alters 
their  nature  as  that  two  volatile  substances  become  compara- 
tively fixed;  but  any  further  addition  of  water  only  produces 
the  common  effects  of  mixture  and  dilution. 

§  567-  The  aqueo-sulphuric  acid  is  also  extensively  ma- 
nufactured by  burning  a  mixture  of  about  8  parts  of  sulphur 
^nd  1  of  nitre  in  a  properly  constructed  furnace,  with  a  strong 
draft  of  air,  and  receiving  the  products  of  the  combustion  into 
large  leaden  chambers,  the  bottoms  of  which  are  covered  with 
^ater.  The  water  becomes  gradually  acidulated,  and  the  con- 
centrated acid  is  obtained  by  subsequent  evaporation  of  the 
solution.     The  process  is  extremely  interesting. 

The  sulphur  by  burning  in  the  atmospheric  air  forms  sul- 
phurous acid,  and  the  nitre  gives  rise  to  the  formation  of 
^Ifiutoxide  of  nitrogen,  which,  with  the  oxygen  of  another 
portion  of  the  air,  produces  nitrous  acid  gas.  Now,  when  those 
^  acids  are  perfectly  dry,  they  mix  without  any  further  acHbn 
^Pon  each  other ;  but  with  a  small  quantity  of  moisture  they 
form  a  colourless,  transparent,  crystalline  compound  which  is 
^'^^tantly  decomposed  by  the  further  addition  of  water.  But 
^e  products  of  the  decomposition  are  sulphuric  acid,  which 
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remains  in  solution,  and  dentoxide  of  nitrogen^  which  rises  in 
the  gaseous  state.  One  equivalent  of  nitrous  acid  thus  tranrfen 
two  equivalents  of  oxygen  to  two  equivalents  of  sulphurous  acid| 
and  converts  them  into  two  equivalents  of  sulphuric  acid.  Tlie 
deutoxide  by  the  action  of  the  air  again  affords  nitrous  uaif 
which  plays  the  same  part  as  before  with  firesh  portions  of  tfae 
burmng  sulphur. 

§  568.  The  aqueosulphuric  acid,  or  oil  of  vitriol,  is  a 
colourless  oily  liquid,  of  a  specific  gravity,  when  most  conoen- 
trated,  of  1.85,  at  which  density  it  contains  about  81  per  cent 
of  real  acid.  It  boils  at  620^,  and  freezes  at  15^;  but  if  diluted 
with  water,  so  as  to  have  a  specific  gravity  of  1.7B,  it  crystalliies 
at  32^,  and  remains  solid  even  to  the  temperature  of  45^  It 
rapidly  attracts  moisture  firom  the  air.  It  is  acrid,  corrosifCi 
and  intensely  sour,  and  its  afiinities  are  amongst  the  nuMt 
powerful  with  which  chemists  are  acquainted.  It  decompoees 
animal  and  vegetable  substances  rapidly  firom  its  strong  attno> 
tion  for  water,  the  elements  of  which  it  abstracts  from  orguk 
compounds,  and  disengages  their  carbon.  The  constitution  of 
sulphuric  acid  is  as  follows : — 

Sulphur     .  .         40  =   1  Equiyalent         .      16 

Oxygen     .  .         60  =2  3  Equivalents        .     2i 

100  40 


IS,- 


Formula,  SO3. 
The  composition  of  the  aqueous  acid,  specific  gravity  1.85, 

Anhydrous  sulphuric  acid    81.63  =  1  Equivalent     .     40 
Water.         .         .         .     18.37  =1  „  .    ^ 

100.00  49 


Formula,  SO3,  HO. 

The  equivalent  combining  number  of  sulphuric  acid  is,  there- 
fore^ 40 ;  which  exactly  agrees  with  the  constitution  of  its  vibL 

§  569.  Besides  these  two  principal  compounds  of  sdpinr 
and  oxygen,  there  are  three  other  acids ;  the  first  of  fdiidi,  in 
equivalent  composition,  is  below  the  sulphurous,  and  is  ttiBd 
the  hypo-^stdphurtms ;  and  the  second  is  between  the  suIphuiM 
and  the  sulphuric,  and  is  called  the  hypa-sulphurie  add. 
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§  570.  When  iron  or  zinc  filings  are  digested  in  a  solu- 
I  of  sulphurous  acid,  they  are  taken  up  without  any  effer- 
cence;  and  peculiar,  crystallizable,  salts  are  produced,  which, 
m  treated  with  any  of  the  stronger  acids,  evolve  sulphurous 
1,  and  deposit  sulphur.  Now,  as  no  acid  can  dissolve  a 
tal  without  previously  converting  it  into  an  oxide,  by  the 
omposition  of  water  or  by  its  own  decomposition,  it  is  clear 
t  in  this  process  the  metal  must  take  oxygen  from  the 
)hurous  acid,  and  the  base  so  formed  combines  with  an  acid 
vhich  the  oxygen  must  exist  in  less  proportion.  The  hypo- 
ihurous  acid  cannot,  however,  be  exhibited  in  the  separate 
n ;  for  at  the  moment  of  quitting  the  base  with  which  it  was 
ted,  it  is  resolved  into  sulphurous  acid  and  sulphur.  In  this 
perty  it  resembles  the  hyponitrous  acid.  The  same  series 
nits  may  be  formed  by  digesting  sulphur  in  solutions  of  any 
the  sulphites,  or  by  directing  a  current  of  sulphurous  acid 
)  solutions  of  the  hydrosulphurets.  Although  the  simple 
ivalent  proportions  of  this  acid  are  1  of  sulphur  and  1  of 
rgen,  it  appears  from  the  analysis  of  its  salts  that  its  number 
louble  the  amount  thus  indicated,  and  that  it  must  be  con* 
ered  as  a  compound  of: — 

Sulphur     .         .         .  66.67  =  2  Equivalents        .     32 
Oxygen     .         .         .  33.33  =  2  „  .16 

lOO.CO  48 


Formula,  S^O  . 

§  57l«  The  hyposulphites  are  distinguished  as  a  class 
dissolving  fresh-precipitated  chloride  of  silver,  and  forming 
bh  it  a  compound  of  an  intensely  sweet  taste. 

§  572.  By  passing  sulphurous  acid  into  water,  in  which 
lely-divided  peroxide  of  magnanese  is  suspended  by  agitation, 
e  peroxide  yields  part  of  its  oxygen  to  the  acid,  and  converts 
le  portion  into  sulphuric  acid  and  another  into  the  hypo- 
Iphaic.  To  the  Uquid,  after  it  has  been  filtered,  a  solution  of 
ire  barj^  is  added  in  slight  excess,  which  precipitates  the 
roloxide  of  manganese  which  was  combined  with  the  two 
cads,  and  forms  an  insoluble  sulphate  of  baryta  with  the 
olphuric,  and  a  soluble  hyposulphate  with  the  hyposulphuric 
^  llie  hyposulphate  is  then  again  decomposed  by  a 
[^tity  of  sulphuric  acid  exactly  sufficient  to  precipitate  the 
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baryta,  and  the  hyposulphiuic  acid  remains  in  solution.  It 
may  be  concentrated  by  exposure  to  the  action  of  sulphune 
acid  under  the  exhausted  receiver  of  the  air-pump,  to  the 
specific  gravity  of  1.347;  but  if  an  attempt  be  made  to  condenK 
it  further,  it  is  decomposed;  sulphurous  acid  escapes,  anl 
sulphuric  acid  is  left  in  solution.  This  change  is  still  moit 
readily  effected  by  heat.  The  composition  of  the  hyposulphmic 
acid  is: — 

Sulphur     .  .  44.44  =  2  Equivalents         .     32 

Oxygen      .  .  55.56  =  5         „  .40 

100.00  7^ 


And  72  is  its  combining  number. 

Formula,  SgO^. 

§  573.  Another  acid  compound  of  sulphur  and  oxygoci 
has  lately  been  discovered,  of  which  the  formula  is  SjO^  VL 
may  be  obtained  by  digesting  bisulphite  of  potassa  with  nt 
phur  at  a  temperature  below  212°.  A  salt  of  potassa  is  tlm 
formed,  from  which  the  acid  may  be  obtained  by  the  sepantiai 
of  the  potassa  by  perchloric  acid.  It  is  a  colourless  flmdf 
without  odour,  with  an  acid  astringent  taste.  It  cannot  be 
umch  concentrated  without  decomposition,  but  in  a  weak  sdi* 
tion  is  permanent.  It  has  been  called  the  sulphuretted  hy/O' 
sulphurous  acid. 

Compound  of  Sulphur  and  Carbon. 

§  574.  By  bringing  the  vapour  of  sulphur  in  contact  widi 
charcoal  at  a  red  heat,  and  collecting  the  products  in  a  cooled 
receiver,  a  deuto-sulphuret  of  carbon  may  be  obtained  in  the  fon» 
of  a  colourless,  transparent  liquid,  of  the  specific  gra\ity  of 
1.272.  Its  taste  is  acrid,  pungent,  and  somewhat  aromatic;  *M 
odour,  foetid  and  nauseous  in  the  highest  degree.  It  b  teiy 
volatile,  and  boils  at  common  atmospheric  pressure,  at  a  tea* 
pe nature  not  exceeding  110°  Fahrenheit.  It  has  never  been 
congealed  by  the  lowest  artificial  temperature.  It  is  hi^ 
inflammable,  and  it  burns  with  a  blue  flame,  emitting  copioBi 
fumes  of  sulphurous  acid.  No  moisture  is  deposited  upon  coU 
surfaces  during  its  combustion,  proving  that  hydrogen  doee  no* 
enter  into  its  composition.  It  mixes  readily  with  alcohol  ■>' 
ether^  but  not  with  water:  the  latter  precipitates  it  firom 
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former  mixtures.     It  is  composed^  according  to  the  results 
ts  analjrsis,  of: — 

Salphor     .         .         .  84.21   =:  2  Equivalents     .     .     32 
Carbon  .         .  15.79  =   I  Equivalent      .     .       6 

100.00  ^ 


Formula,  S^C. 

Compound  of  Sulphur  and  Chlorine. 

§  575.  Sulphur  may  be  united  directly  with  chlorine  by 
sing  a  current  of  the  gas  over  it,  in  a  state  of  minute  division 
:  at  a  gentle  heat.  Ten  grains  of  the  flowers  of  sulphur  will 
s  take  up  30  cubic  inches  of  gas,  which  is  nearly  in  the 
portion  of  single  equivalents  of  the  two  bodies.  Chloride  of 
ihur  is  a  volatile  liquid,  of  reddish  colour  by  reflected  light, 
i  yellowish-green  by  transmitted  light.  It  emits  fumes  which 
ct  the  eyes,  rises  in  vapour  at  a  temperature  below  200°, 
I  boils  at  280°.  Its  specific  gravity  is  1.6.  It  does  not 
den  the  colour  of  perfectly  dry  litmus,  but  when  agitated 
h  water,  a  great  disengagement  of  heat  takes  place,  sulphur 
irecipitated,  and  the  liquid  is  found  to  consist  of  a  mixture 
muriatic,  sulphurous,  and  sulphuric  acids.  It  acts  strongly 
on  mercury;  the  surfiace  of  the  metal  is  instantly  tarnished, 
at  heat  is  evolved,  and  a  gray  powder  is  the  result,  which  is 
nixtare  of  protochloride  of  mercury  and  sulphur. 

Formula,  SCI. 

Selenium, 

{  576.  A  new  and  rare  elementary  substance  has  very 
DCnfly  been  detected  in  the  refuse  of  an  oil  of  vitriol  manu- 
iarj  in  Sweden^  which  in  all  its  compositions  runs  as  parallel 
ft  nilpbur  as  iodine  and  bromine  do  with  chlorine.  It  owes 
iorigm  to  the  iron  pyrites,  (or  native  compound  of  iron  and 
Iphnr,)  which  are  employed  in  the  works,  and  which  contain 
vixtore,  in  very  minute  proportions,  of  a  similar  compound 
irihmiM  and  iron. 

Ideniiiin  at  common  temperatures  is  a  brittle  solid,  of  a 
In  coloiir  and  metallic  lustre;  it  has  neither  taste  nor  odour. 
lai  pounded  the  partideB  stick  together^  and  in  powder  it 
Ifltdto^  led  coloiir.  It  melts  at  a  few  d^rees  above  the 
HH^point  of  wateTj  and  when  warm  is  very  ductile,  and  may 
Iniii'likto  fimads,  which  are  red  by  transmitted,  but  gray 
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by  reflected  light.  It  boils  at  a  temperature  of  abont  6( 
Fahrenheit,  and  condenses  either  in  opaque  metallic-looki 
drops,  or,  when  lai^  receivers  are  used,  in  flowers  of  the  eok 
of  cinnabar.  Its  vapour  has  a  deep  yellow  colour.  It 
insoluble  in  water,  and  undergoes  no  change  by  mere  expos 
to  air.  Its  specific  gravity  is  4.3.  It  is  a  non-conductor 
electricity,  and  a  bad  conductor  of  heat.  When  heated  beft 
the  blowpipe  it  tinges  the  flame  of  a  light-blue  colour,  i 
exhales  an  odour  of  decayed  horse-radish. 

CoTnbinations  of  Selenium  and  Oxygen. 
^  577'  l^e  mode  of  its  extraction  from  the  refuse  wfai 
we  have  mentioned  will  make  us  acquainted  with  one  of  i 
combinations.  By  treating  the  mixture,  which  contains  mi 
sulphur,  with  nitric  acid,  both  the  sulphur  and  the  selenium  i 
acidified;  sulphurous  acid  and  aelenioua  acid  are  formed.  Ti 
former  reacts  upon  the  latter,  takes  its  oxygen  from  it,  and  d 
selenium  sublimes. 

When  selenium  alone  is  subjected  to  the  action  of  ntri 
acid,  and  the  solution  evaporated  so  as  to  exxiel  the  excMi 
that  add,  a  white  saline  matter  remains  which  may  be  auUiM 
by  raising  the  temperature;  the  colour  of  the  vapour  dnd 
resembling  that  of  chlorine.  The  aeleniout  acid  crystalliMi  i 
needles  in  the  colder  part  of  the  apparatus.  Selenioui  Mid  b 
a  sour  and  slightly  burning  taste,  and  is  very  soluble  bod  ■ 
water  and  alcohol.  It  is  readily  decomposed  by  all  subrissB 
which  have  a  strong  attraction  for  oxygen,  and  the  iclwii 
may  be  precipitated  from  its  solution  by  metallic  zinc  and  B<i 
It  may  be  considered  as  a  compound  of: — 

Selenium     .  .71-43  —   1  Eqtuvalent         .    40 

Oxygen  ■  28.67  =  2  EquivaleDtt       .    U 

loqoo  H 

Formula,  SeO,; 
which  makes  its  equivalent  56,  in  which  prroportun  it  ■!■ 
into  combination  with  the  different  base*. 

^  578.  As  the  selenioua  ai»d  exactly  resembles  ti 
phurous  in  constatution,  so  the  ulemc  acid  it 
to  die  snlpfauric    The  proceai  for  obtain' 
Selenioua  acid  mnat  be  neutnliied  with  toda,  e 
salt  fused  with  sbout  its  own  wnght  of  r 
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dsy  by  projectiiig  it  in  sucoessiye  portions  into  a  red-hot 
iicible«  The  selenious  acid  thus  takes  another  equivalent  of 
ygen,  and  a  combination  of  selenic  acid  and  soda  is  the 
rait.  The  fused  mass  is  then  acted  upon  by  a  hot  mixture  of 
trie  acid  and  water,  and  the  solution  made  to  boil  briskly; 
len  anhydrous  seleniate  of  soda  is  deposited.  The  hot  liquid 
canted  from  the  salt  deposits  crystals  of  the  excess  of  nitrate 
on  cooling.  On  renewing  the  ebuUition  fresh  portions  of  the 
eniate  are  procured;  and  the  process  is  renewed  till  the 
kole  is  separated.  This  process  is  founded  upon  the  fact  that 
eniate  of  soda,  like  the  sulphate  of  the  same  base,  is  more 
luble  in  water  of  about  90^,  than  at  higher  or  lower  tem- 
ratores.  The  nitrite  of  the  base,  which  is  formed  by  the 
oomposition  of  the  nitrate,  is  purposely  reconverted  into  a 
by  the  addition  of  the  nitric  acid. 


§  579*  To  procure  the  acid  in  a  free  state,  a  solution  of 
B  seleniate  is  decomposed  by  nitrate  of  lead.  The  seleniate 
lead  which  is  formed  is  perfectly  insoluble,  like  the  sulphate, 
d  after  being  well  washed,  is  suspended  in  water,  and  exposed 
a  current  of  sulphuretted  hydrogen  which  precipitates  all  the 
id  but  does  not  decompose  the  selenic  acid.  The  excess  of 
^draretted  hydrogen  is  driven  ofif  by  heat,  and  the  filtered 
pid  consists  of  a  dilute  solution  of  selenic  acid  in  water. 

When  concentrated,  selenic  acid  is  a  colourless  liquid,  which 
■y  be  heated  to  536^  without  decomposition;  but  above  that 
mperature,  it  is  resolved  into  selenious  acid  and  oxygen.  Its 
Mdfic  gravity,  at  the  highest,  is  about  2.6.  The  affinity  of 
denic  acid  for  bases  is  little  inferior  to  that  of  the  sulphuric 
cad.    It  consists  of: — 

Selenium       •  .  62.5  =   1  Equiralent  40 

Oxygen         -  .  37»5  =  3  Equivalents  24 

lOO.O  64 


Formula,  SeO,. 

Compound  of  Selenium  and  Hydrogen, 

^  580.  To  establish  completely  the  remarkable  analogy 
stetireen  selenium  and  sulphur,  we  shall  describe  one  more  of 
8»  compounds  of  this  rare  substance;  namely,  that  which  it 
fcnns  with  hydrogen.     It  may  be  obtained  by  acting  upon 
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seleniuret  of  potassium  (formed  by  fusing  together  potassra 
and  selenium)  with  dilute  muriatic  acid.  A  gas  is  thus  foiroc 
which  may  be  collected  in  the  same  way  as  sulphurett 
hydrogen. 

In  odour,  these  two  gases  a  good  deal  resemble  each  oth 
It  may  be  called  hydro^elenic  acidy  or  seleniuretted  hydrogi 
It  is  absor])ed  by  water,  with  which  it  forms  a  colourless  solntio 
It  reddens  litmus  paper,  and  stains  the  epidermis  brown.  It 
gradually,  but  completely,  decomposed  by  contact  with  d 
air,  and  the  selenium  deposited  in  a  red  precipitate.  It  thm 
down  all  metallic  solutions  in  the  form  of  seleniurets.  This  p 
produces  violent  effects  upon  the  organs  of  respiration,  and 
sharp  and  painful  sensation  in  the  nose  which  is  followed  br 
temporary  loss  of  the  sense  of  smelling.  According  to  it 
analysis  it  is  composed  of: — 

Selenium  .  97-56  =   1  Equiralcnt     .      40 

Hydrogen    .         .         .      2.44  =  „  .       1 

100.00  Tl 


Formula,  HSe. 

Phosphonis. 

§  581.  The  next  element  which  we  shall  describe  iii 
very  remarkable  substance,  and  has  never  been  found  in  uM 
in  its  simple  form:  but  in  combination  with  oxygen  and  Ebb 
it  is  chiefly  a  product  of  the  animal  kingdom,  but  is  a  constkMi 
also  of  vegetables.  It  is  a  combustible  to  which  we  hut 
already  frequently  referred  by  the  name  of  phoq^onu,  I 
differs  not  more  from  the  other  combustibles  which  we  htn 
hitherto  examined  in  its  peculiar  properties,  than  in  itt  noda 
of  combination. 

It  may  be  prepared  by  calcining  bones  in  an  openfin^ti 
bum  off  and  dissipate  all  tiie  volatile  ingredients,  redndngA* 
earthy  residue  to  a  fine  powder,  and  digesting  them  for  tioi 
three  days  in  half  iheir  weight  of  sulphuric  acid,  addafi 
much  water  as  may  give  the  mixture  the  consistenoe  of  t  ilii 
paste.  At  the  expiration  of  the  time,  twice  the  bulk  of  1 
water  must  be  stirred  up  with  it,  and  the  liquid 
filtration.  In  this  operation  the  ralphnxic  acid 
jiAoric  ocirf  from  the  lime  with  which  it  ia  oombunodjli 
earth,  and  it  may  be  concentrated  by  evaponlion  tft 
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^oe  of  a  thick  syrup.  It  must  then  be  mixed  with  one- 
th  its  weight  of  charcoal  in  powder^  and  strongly  heated  in 

earthenware  retort,  the  beak  of  which  must  be  plunged 
•er  water.  The  heat  must  be  very  slowly  raised  till  it 
imes  very  intense.  A  large  quantity  of  gas  will  escape 
ng  the  process,  and  spontaneously  inflame  upon  passing 
agh  the  water  into  the  air;  and  the  phosphorus  will  distill 

in  drops  and  congeal  in  the  water.  In  this  process  the 
phoric  acid  is  deoxidated  by  the  charcoal,  which  at  a  high 
erature  has  a  stronger  affinity  for  the  oxygen  than  the 
phonis  (120). 


§  582.  As  thus  obtained  it  is  a  soft  solid  of  a  flesh-red 
r;  but  when  purified  by  fusion  under  a  warm  solution  of 
^nia,  and  a  second  time  under  alcohol,  it  is  perfectiy 
rless  and  transparent.  It  may  be  obtained  in  octohedral 
ds  from  its  solution  in  naphtha,  or  sulphuret  of  phos- 
is.  Its  specific  gravity  is  1.77*  It  is  highly  inflammable 
akes  fire  by  slight  friction,  and  it  is  necessary  to  preserve 
der  water  in  well-closed  botties.  It  may  easily  be  cut  with  a 
.  When  air  is  carefully  excluded,  or  under  water,  it  melts  ut 
1 108°,  and  boils  at  550°:  100  cubic  inches  of  its  vapour  weigh 
trains.  Its  combining  volume  is  one-fourth  of  tiiat  of  hydro- 
and  its  equivalent  is  16,  tiie  same  as  that  of  sulphur.  It  is 
less  and  insoluble  in  water, 
[nroves  highly  poisonous  when  |  j 
Q  into  the  stomach. 


{  583.  In  the  atmosphere, 
tphorus  emits  a  light  smoke 
peculiar  smell,  not  unlike  tiiat 
arlic;  the  smoke  shines  in  tiie 
.  with  a  pale  greenish  and  very 
itiful  light.     This  is  owing  to 


[120)  The  apparatus  for  the  pre- 
lion  of  phosphorus  is  here  deli- 
«d.  The  mixed  phosphorous  acid 
eharcoal  is  placed  in  retort,  a, 
ch  is  properly  adjusted  in  the  fur- 
e,  6.  The  neck  of  the  retort  dips 
ler  the  water  in  the  basin,  c. 
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a  slow  combustion^  or  combination  with  oxygen,  and  if 
of  phosphorus  be  confined  under  a  jar  full  of  common 
water,  the  whole  of  the  oxygen  will  gradually  be  absorl 
the  nitrogen  remain,  and  then  its  light  will  be  extinguisl 
It  is  remarkable  that  phosphorus  does  not  shine 
fectly  pure  oxygen  till  heated  to  80°,  near  which  point  i 
into  flame;  and  no  absorption  takes  place  under  this 
rature:  but  if  the  elasticity  of  the  gas  be  decreased  t 
one-eighth  or  one-tenth  of  that  of  the  usual  elastidt} 
air,  the  slow  combustion  with  the  evolution  of  the  g] 
take  place.  If  the  density  of  the  oxygen  be  reduced 
same  amount  by  mixture  with  hydrogen,  nitrogen,  or  i 
acid,  the  same  phenomena  will  be  produced.  Some 
should  be  used  in  exposing  this  highly  inflanunable  si 
to  the  air,  as  the  heat  which  is  evolved  during  this  sl( 
bustion  sometimes  accumulates  to  a  sufficient  degree  1 
the  whole  to  burst  into  flame.  Pieces  of  phosphonii 
upon  cotton  or  charcoal,  or  other  bad  conductors  of  h 
almost  always  accumulate  heat  enough  for  this  purpose. 

§  584.  Phosphorus  combines  with  many  of  the 
forming  with  them  metallic  phosphureta.  They  may  be  c 
by  heating  the  two  substances  together;  and  someti 
passing  a  compound  of  phosphorus  and  hydrogen  into  s 
of  the  oxides.  Phosphuretted  hydrogen,  however,  by  m 
acts  with  the  same  certainty  as  the  different  hydroacid 
we  have  examined;  in  most  cases  the  metal  is  merely  i 
Phosphorus  alone  will,  indeed,  reduce  those  metals  whi 
but  a  feeble  attraction  for  oxygen,  and  a  stick  of  pho 
introduced  into  solutions  of  gold,  silver,  or  platinu 
become  coated  by  the  respective  metals. 

It  is  not  known  that  the  phosphurets  enter  into  se 
combination,  and  they  do  not  possess  much  interest. 

Compounds  of  Phosphorus  and  Oxygen. 

§  585.  The  product  of  the  slow  combustion  ol 
phorus  which  has  just  been  described,  is  an  acid  liqu 
a  mixture  of  phosphorous  and  phosphoric  acids.  No  go 
cess  is,  however,  known,  by  which  they  may  be  sepanti 
this  liquid. 

Phosphorous  acid,    in    combination    with    water,  a 
obtained  by  passing  a  current  of  chlorine  through  phoi 
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>ed  under  hot  water;  a  chloride  of  phosphorus  is  thus  formed^ 
ich  is  immediately  resolved  into  muriatic  acid  and  phos- 
nrous  acid  by  the  decomposition  of  the  water;  the  former 
y  be  expelled  by  evaporation^  and  the  latter  will  remain.  It 
I  crystallisable  compoimd^  of  a  sour  taste  and  very  soluble  in 
ber.  By  heat  it  is  resolved  into  a  compound  of  phosphorus 
1  hydrc^n^  which  escapes^  and  phosphoric  acid^  which  is 
mL  It  may  be  obtained  in  the  anhydrous  state  in  small 
intities^  by  burning  phosphorus  in  a  long  tube  with  a  very 
lited  access  of  air.  In  this  case  it  sublimes  in  the  form  of  a 
ite  volatile  powder^  which  rapidly  absorbs  moisture  from  the 
.     It  is  composed  of: — 

Phosphorus    '•         .     67«15  s=   1     Equivalent         .     16 
Oxygen  .         .    42.86  =  H  Equivalents        .     12 

100.00  28 


Fonnula,  PO^i* 

kd  28  constitutes  the  equivalent  in  which  it  enters  into 
X)ndary  combination  with  the  bases^  and  constitutes  the  class 
Mlts  which  are  denominated  pJwsphites. 

§  586.  An  acid  of  inferior  degree  of  oxygenization  may 
I  fonned  by  acting  upon  water  by  phospkuret  of  barium.  Hy- 
ogen  in  combination  with  phosphorus  makes  its  escape^  and 
solution  of  the  hypo-phosphorous  acid  in  combination  with 
oryta,  remains^  from  which  the  base  may  be  precipitated  by 
e  cautious  addition  of  sulphuric  acid.  When  the  clear  filtered 
]iior  has  been  concentrated  by  evaporation^  it  constitutes  a 
NOT  viscid  liquid  which  is  incapable  of  crystallization^  and 
i{ndly  attracts  oxygen.     It  consists  of: — 

Phosphorus  .         80  =:  2  Equivalents  .     32 

Oxjgm  ^  =:   1  Equivalsnt  .    ^ 

100  ^ 

Formula,  PgO. 

{  587.  When  phosphorus  is  burned  in  the  open  air,  it 
Pnerally  leayes  a  red  insoluble  residue,  which  is  a  compoimd  of 
^'Hjsphorus  with  still  less  oxygen  than  the  preceding,  and  is  an 
"Jpurc  oxide  of  phosphorus.  It  may  be  formed  in  greater 
^''Qinduice  by  directinir  a  small  stream  of  oxygen  upon  phos- 
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phorus^  kept  melted  under  boiling  water.    The  acids  wUdi  ue 
formed  at  the  same  time  are  retained  in  solution,  while  the  nl 
oidde  floats  in  the  liquid.     When  dried^  it  must  be  exposed  to 
heat  in  a  retort^  to  drive  off  any  uncombined  phosphorus,  uid 
afterwards  washed  and  dried.     It  possesses  neither  odour  nor 
taste.     It  is  heavier  than  water^  and  insoluble  in  that  liquid  uid 
in  alcohol;  ether  and  oils.     It  may  be  obtained  pure  by  expos- 
ing to  the  air  small  pieces  of  phosphorus  covered  with  the  liqoii 
chloride  of  phosphorus.     Phosphoric  acid  is  formed,  and  alsoi 
yellow  matter^  which  produces  a  yellow  solution  with  wita 
At  a  temperature  of  176^  Fahrenheit  this  solution  depositii 
flocculent  yellow  matter^  which  is  a  hydrate  of  the  oxide  of 
phosphorus^  from  which  the  water  may  be  separated  by  drying 
in  vacuo  over  sulphuric  acid. 

It  is  a  powder  of  a  yellow  colour^  denser  than  water,  snd 
insoluble  in  water^  alcohol^  and  ether. 

It  is  neither  decomposed  nor  does  it  take  fire  in  the  air,  it 
a  temperature  of  570°.     Its  formula  is — 

P4O,  and  that  of  its  Hydrate  P^OjHO. 

§  588.  Phosphoric  acidy  or  phosphorus  at  its  maxinrott 
degree  of  oxidation,  may  be  obtained  from  the  impure  add,  die 
extraction  of  which  from  bones  has  been  already  described 
(§  581),  by  boiling  it  with  carbonate  of  ammonia  in  exceft 
The  liquid  after  filtration  is  to  be  evaporated  to  dryness^  and  dM 
ignited  in  a  platinum  crucible ;  by  which  ammonia,  and  odicr 
volatile  matters  are  driven  off. 

It  may  also  be  formed  by  the  action  of  nitric  add  on  pte- 
phorus.  For  this  purpose,  small  firagments  must  be  ittf 
cautiously  dropped  into  the  acid,  gently  heated  in  a  retort  Ik 
action  is  very  violent,  and  a  large  quantity  of  deutoxidetf 
nitrogen  is  disengaged.  A  small  quantity  of  ammonia  isattb 
same  time  produced  by  the  decomposition  of  water,  whid  09 
be  expelled  by  evaporating  the  liquid  to  the  consistence  of  • 
syrup,  and  afterwards  exposing  it  in  a  platinum  crudUe  to  • 
dull  red  heat. 

In  both  these  processes,  the  add  is  obtained  in  comlHnitii* 
with  water,  which  it  retains  even  at  a  red  heat,  and  with  irf** 
at  a  high  temperature  it  may  be  sublimed.  Tliis  aqueoos*^ 
sometimes  goes  by  the  name  oi  glacial  phosphoric  add. 

§  589.  The  M'hite  matter  which  is  formed  during  ^ 
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lammation  of  phosphorus  in  oxygen  gas^  or  common  air^  and 
lich  falls  like  flakes  of  snow^  is  pure  anhydrous  phosphoric 
id.     Its  constitution  according  to  its  most  accurate  analysis 

Phosphorus         .         .     44.44  =   1     Equivalent     .     J(i 
Oxygen     .  .         .     55.56  =  2^  Equivalents    .     20 

100.00  26 


Formula,  PO^*. 

And  the  glacial  phosphoric  acid  consists  of : — 

Phosphoric  acid  .         •  80  =   1  Equivalent        .     36 

Water        .         .         .     _20  =1  „  .    _9 

100  45 


Formula,  P08i,U0. 

It  very  speedily  deliquesces  in  the  air  into  an  intensely  sour 
of  the  specific  gravity  2.  It  does  not  corrode  animal  and 
vegetable  substances.  The  solution  is  not  volatile^  nor  is  it 
capable  of  being  decomposed  by  heat  alone.  It  emits  no  odour 
when  heated. 

§  590.  When  anhydrous  phosphoric  acid  is  dissolved  in 
wata^  unlike  the  sulphuric  acid^  the  solution  varies  in  its 
chmcters  according  to  circumstances. 

Three  hydrates^  or  definite  combinations  with  water^  may  be 
bttodi,  each  of  which  is  soluble  in  water  without  change  of 
chmcter^  and  the  three  solutions  exhibit  properties  so  distinct 
Alt  each  might  be  supposed  to  contain  a  distinct  acid.  They 
Wc^  in  fact,  so  considered  at  first,  and  distinguished  by  names 
Hoordingly. 

Tht  proio-hydrate  was  formerly  called  metorphosphoric  acid. 
Uiniy  be  obtained  in  a  separate  state  by  heating  biphosphate 
'  lod^  or  the  double  phosphate  of  soda  and  ammonia,  to 
dissolving  the  product  in  water,  and  precipitating  by 
of  lead.  The  insoluble  salt  of  lead  thus  formed  must  be 
in  water  by  agitation,  and  decomposed  by  a  stream  of 
^^^AimiiUd  hydrogen  sent  through  it.  The  liquid  may  then  be 
^*MBd  to  get  rid  of  the  excess  of  sulphuretted  hydrogen^  and 
%9Bd  to  free  it  from  sulphuret  of  lead;  it  will  be  then  found 
^iN'lwy  aeid,  and  to  contain  the  protohydrete  in  question. 
^MfAWiGlefiied  by  producing  a  white  precipitate  in  solution 
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of  white  of  egg :  and  in  solutions  of  the  salts  of  the  earths  and 
other  metallic  bases^  precipitates  of  a  soft,  gelatinous,  semi- 
fluid character  without  crystallization. 

The  deutO'hydrate  of  phosphoric  acid,  formerly  called  pft^ 
phosphoric  acid,  may  be  obtained  by  heating  common  phosphate 
of  soda  to  redness,  and  afterward  dissolving  it  in  water.  % 
treating  the  solution  as  in  the  last  case  with  acetate  of  lead  and 
sulphuretted  hydrogen,  an  acid  liquid  is  obtained  containing  tk 
deutohydrate.  It  is  characterized  by  not  precipitating  white  of 
egg,  and  by  producing  a  dense  white  precipitate  in  a  solution  d 
nitrate  of  silver. 

The  trito-hydrate  of  phosphoric  acid  is  produced  by  treatiflg 
a  solution  of  common  phosphate  of  soda  in  its  usual  state  ai 
before.  The  acid  solution  containing  the  tritohydrate  will  not 
be  found  to  produce  a  yellow  precipitate  with  nitrate  of  silfe^ 
and  will  be  imalterable  by  boiling  or  keeping  for  any  length  d 
time.  Both  the  other  hydrates  pass  readily  by  boiling,  ui 
even  by  time,  into  the  tritohydrate.  The  constitution  of  tk 
phosphoric  acid  and  its  three  hydrates  is  thus  represented  m 
symbols :  — 

POgi  .  =  Anhydrous  acid. 

2P08i  +  HO  =  Protohydrate. 

POrt  +  HO  =.  Deutohydrate. 

FO^  +  U  HO  2=  Tritohydrate. 

Thus,  the  series  of  multiples  of  water  in  the  varieties  of  the 
phosphoric  acid  are,  1J-,  1,  ^,  while  the  series  of  multiplarf 
oxygen  which  constitutes  the  acids  of  phosphorus,  are  ^,  Ih  4» 
To  avoid  the  appearance  of  the  half  equivalent,  the  equivalent  rf 
phosphorus  has  been  doubled  by  some  eminent  chemists;  wbM 
others  double  the  number  of  equivalents  with  the  same  rieVi 
and  the  same  series  of  the  equivalents  of  oxygen  become  l,^^ 
The  latter  mode  of  representation  is  upon  the  whole  most  ooa- 
venient,  and  we  shall  hereafter  adopt  it.  In  this  mode  of 
notation  the  phosphoric  acid  and  its  three  hydrates  are  tli0 
represented : — 

PgO^  .  Phosphoric  acid. 

Ffis  +  HO  Protohydrate. 

PA  +  2  HO  Deutohydrate. 

PA  +  3  HO  Tritohydrate. 

The  same  series  is  maintained  in  its  other  primary  combina- 
tions, where  more  than  one  is  known,  with  the  same  element. 
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Compounds  of  Phosphorus  and  Hydrogen* 

§  591.  The  examination  of  the  compounds  of  phosphorus 
1  hydrogen^  and,  it  may  indeed  be  said,  of  all  the  compounds 
phosphorus,  is  attended  with  considerable  difficulty.  We 
re  already  stated  that  when  aqueo-phosphorous  acid  is  heated, 
laseous  compound  of  phosphorus  and  hydrogen  is  given  off. 
is  transparent  and  colourless,  and  of  an  excessively  offensive 
yfOT  and  bitter  taste.  Water  absorbs  one-eighth  of  its  volume; 
b  it  is  much  more  freely  taken  up  by  solutions  of  sulphate  of 
>per  and  chloride  of  lime.  It  has  no  acid  reaction  upon 
retable  colours;  but  like  sulphuretted  hydrogen  decomposes 
ne  metallic  salts^  with  the  formation  of  phosphurets  of  the 
tals.  It  is  very  poisonous,  and  will  not  support  combustion, 
hen  pure^  it  may  be  mixed  with  common  air,  or  oxygen, 
hont  danger,  but  the  mixture  explodes  with  the  electric 
irk^  or  at  a  temperature  of  300^.  Diminishing  the  pressure 
1  also  cause  it  to  explode,  as  by  raising  the  jar  upon  the 
Tcurial  bath  so  that  the  mercury  in  the  interior  may  be  lifted 
Qfot  an  inch  or  two. 

§  592.  Phosphureited  hydrogen  is  also  formed  by  the 
composition  of  water  on  boiling  phosphorus  in  a  strong 
lution  of  potassa  in  a  small  retort ;  and  again  by  the  action  of 
osphuret  of  calcium  upon  water.  The  product  of  these  pro- 
Mes  is^  however,  distinguished  by  being  spontaneously  inflam- 
ible  in  common  air,  or  oxygen;  a  property  which  the  gas 
KB  by  being  kept  over  water.  Each  bubble^  as  it  reaches  the 
irffeoe  of  the  water^  bursts  into  flame^  and  forms  a  ring  of 
Ute  smoke  composed  of  phosphoric  acid,  which  is  very  beau- 
fdl  in  a  still  atmosphere.  The  two  gases  are  essentially  the 
une  in  composition ;  but  in  the  latter  state  it  is  probable  that 
t  contains  a  very  small  proportion  of  another  compound  of 
Kydn^en  and  phosphorus^  which  is  the  spontaneously  inflam- 
laUe  ingredient^  and  causes  the  combustion  of  the  whole. 
?ho8phuretted  hydrogen  is  probably  composed  of  three  volumes 
^  hydrogen^  united  to  one-half  a  volume  of  phosphorus  in 
^ur,  condensed  into  two.  According  to  its  analysis  it  con- 
^  by  weight  :— 

Phosphorus  .     91.43  =:  2  Equivalents       .    32 

Hydrogen  .      8.57  =  3  „  .3 

100.00  'ss 


Formula,  Pfir 
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§  593.  Possessing  neither  acid  nor  alkaline  propertii 
very  decidedly^  phosphuretted  hydrogen  bears  some  analogy  c 
one  hand  to  the  hydroacids^  as  we  have  stated  vnth  regnA  I 
its  action  upon  the  solution  of  metallic  oxides  (§  584),  and  c 
the  other  hand  to  ammonia.  It  unites  with  hydrobromic  act 
hydroiodic  acids,  and  forms  with  them  definite  compooiK 
which  crystallize  in  cubes. 

Combinations  o/ Phosphorus  and  Chlorine. 

§  594.  By  passing  the  vapour  of  phosphorus  over  bi 
chloride  of  mercury  heated  in  a  glass  tube,  a  volatile  liquid! 
obtained,  which  is  a  sesqui-^hloride  of  phosphorus.  It  is  tiuf 
parent  and  colourless:  of  the  specific  gravity  of  1.45.  It  doe 
not  affect  the  colour  of  dry  litmus^  but  the  fumes  which  it  give 
off  in  abundance  are  acid,  owing  to  contact  with  the  moisture  o 
the  air.  It  acts  energetically  upon  water ;  the  hydrogen  com 
bining  with  the  chlorine  to  constitute  muriatic  acid,  and  tb 
oxygen  with  the  phosphorus,  by  which  phosphorous  acid  i 
generated.     It  consists  of:  — 

Phosphorus         .         .       22.5  =   1     Equivalent      .    16 
Chlorine    .  .       77*5  =   li  Equivalents    .    54 

100.0  70 

Formula,  PgCl, 

§  595.  When  phosphorus  is  introduced  into  chloiiii^l 
spontaneously  inflames,  and  bums  with  a  pale  flame^  and  anods 
compound  is  formed^  which  is  a  per-chloride  qf  pkofh^ 
llie  product  is  a  white  solid  which  condenses  upon  the  ooo 
parts  of  the  containing  vessel.  It  is  volatile  at  a  tempent" 
below  212°^  but  may  be  fused  under  pressure^  and  crystalb 
on  cooling.  It  acts  with  violence  upon  water,  fbrming  ^ 
its  elements  muriatic  and  phosphoric  adds.  One  gnii  ^ 
phosphorus  combines  in  this  way  with  six  of  chlcninei  iftii^ 
in  the  proportion  of  16  :  90.    Or; — 

Phoaphorus  15.1   =  1     EqaiTalenft     .    K 

Chlorine    .  ..      84.9  =  2i  Equivdenta   .    9t 

100.0  Ut 

Foimula  Pja^ 
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Compound  of  Phosphorus  and  Nitrogen. 

§  596.  When  either  of  the  chlorides  of  phosphorus  are 
\  to  act  upon  dry  ammonia^  a  white  solid  mass  is  obtained 
b  gives  off  muriatic  acid^  and  excess  of  ammonia,  at  a  strong 
leat ;  and  leaves  behind,  out  of  the  contact  of  air,  a  white 
ance,  which  is  a  compound  of  phosphorus  and  nitrogen, 
n  preserved  from  the  agency  of  air  and  moisture,  it  is  per- 
r  fixed  and  infusible  at  a  red  heat,  and  it  is  remarkably 
'erent  to  the  strongest  reagents.  Concentrated  nitric  acid 
slowly  converts  a  portion  of  it  into  phosphoric  acid,  and 
mtrated  oil  of  vitriol  as  slowly  effects  the  same  change 
the  evolution  of  sulphurous  acid.  When  fused  with  caustic 
(sa,  ammonia  is  given  off,  and  phosphate  of  potassa  remains, 
hydrogen  at  a  red  heat  decomposes  it  with  the  formation 
nmonia,  and  phosphorus  distils  off.  There  is  no  trace  of 
ormation  of  water  during  the  action.  Phosphuret  of  nitro- 
insists  of: — 

Phosphorus  53.2  =   1    Equivalent      .     16 

Nitrc^en  .         .       46.8  =1  „  .     14 

100.0  30 


Formula,  PN. 

rhis  substance  is  a  remarkable  instance  of  the  production 
fixed  substance  by  the  combination  of  highly  volatile  prin- 
ts, and  presents  a  curious  contrast  to  the  detonating  and 
y  decomposable  compoimds  of  chlorine  and  iodine  with  the 
e  element. 

Silicon. 

§  597.  To  complete  this  general  view  of  the  non-metallic 
lents,  it  only  remains  that  we  describe  the  properties,  and 
w  of  the  combinations,  of  silicon  and  boron :  two  undecom- 
aded  substances,  which  differ  very  materially  from  all  the 
%ding,  but  are  connected  together  by  the  strongest  resem- 
ices.  Like  carbon,  they  are  known  only  in  the  soUd  state, 
are  perfectly  fixed  at  the  strongest  heat ;  the  only  effect 
rhich  upon  them,  is  to  render  them  harder. 

§  598.  Although  silicon  in  combination  with  oxygen  is 
of  the  most  abundant  substances  in  nature,  so  much  so  as 
intitle  it  to  be  considered  the  basis  of  the  mineral  kingdom. 
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as  charcoal  is  of  the  vegetable  and  animal^  its  insulation  is  onl 
of  very  recent  date. 

By  heating  a  mixture  of  fluor-spar  and  silica,  or  flint,  wA 
strong  sulphuric  acid,  at  a  moderate  heat,  an  acid  gas 
obtained,  which,  by  being  passed  into  a  solution  of  potass 
combines  with  it,  and  forms  a  salt,  which  must  be  separati 
by  evaporation,  and  afterwards  heated  nearly  to  redness.  I 
mixing  this  salt  with  about  eight  times  its  weight  of  potasnui 
and  heating  it  in  a  green  glass  or  iron  tube,  a  deeompositic 
takes  place,  accompanied  by  a  feeble  detonation  before  tl 
mixture  becomes  red-hot.  When  the  mass  has  become  col 
all  the  soluble  parts  may  be  removed  by  washing,  and  silioo 
will  remain.  It  nidll  be  in  the  form  of  a  solid,  in  a  disintegrate 
state,  of  a  dark-brown  colour,  and  without  metallic  lustre.  I 
does  not  conduct  electricity,  and,  when  first  prepared,  is  com 
bustible  both  in  common  air  and  in  oxygen  gas.  It  is  no 
acted  upon  by  the  sulphuric  or  nitric  acids,  even  when  assistH 
by  heat.  When  it  has  been  exposed  to  a  high  temperature  i 
becomes  very  hard,  and  will  not  bum  even  in  oxygen  gas. 

Combination  of  Silicon  and  Oxygen.  • 

§  599.  To  oxidate  silicon  completely,  it  may  be  nuMC 
with  dry  carbonate  of  potassa,  and  heated  to  redness;  it  tlia 
bvums  vividly  at  the  expense  of  the  carbonic  acid;  caitou 
oxide  is  disengaged,  and  some  carbon  deposited.  In  ttus  pn 
cess  silicon  combines  with  its  own  weight  of  oxygen,  and  bm 
Mlica,  or  pure  flint,  which,  upon  the  supposition  of  iti  besg^ 
protoxide,  is  composed  of: — 

Silicon        •         .         .         50  =  .1  Equivalent         .    8 
Oxygen      .  .         50  =   1  „  .         .^ 

100  W 

Formula,  SiO; 
and  the  equivalent  of  silicon  is  the  same  as  that  of  oxygen. 

§  600.  Silica  is  found  in  a  state  of  purity  in  the  ba^^ 
Tock-crystal,  which  is  perfectly  colourless  and  tranqianBt  * 
may  also  be  obtained  by  caldning  common  flints^  quenM 
them  in  water,  and  then  reducing  them  to  powder.  Bi  ^ 
state  they  must  be  mixed  with  four  or  five  tinus  Aenr  «e^^ 
carbonate  of  potassBy  and  fused  in  a  cracible  at  ft  itntt^. 
heat.    The  componnd  may  be  disaolvedy  when  eMg  ialMM 
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and  the  alkaluie  solution  dropped  gradually  into  dilute  muriatic 
acid.  The  muriatic  acid  combines  with  the  potassa^  and  the 
nlica  is  separated  in  the  form  of  a  white  translucent  jelly.  This 
18,  in  hctj  a  hydrate  of  silica.  If  the  whole  be  evaporated  to 
dryness,,  and  the  saline  matter  be  washed  off  from  the  fused 
man,  pure  silica  will  remain.  It  is  a  perfectly  white^  tasteless 
powder,  which  feels  harsh  between  the  fingers.  Its  specific 
gnvity  is  2.6.  It  is  insoluble  in  water  and  in  every  acid,  except 
the  hydro-fluoric.  When  first  precipitated,  it  is  taken  up  by 
iolutions  of  potassa  and  soda,  but  not  by  the  volatile  alkali. 
It  is  perfectly  infusible  by  all  ordinary  means,  but  is  said  to 
bare  been  melted  in  the  oxyhydrogen  blowpipe.  It  ranks  with 
the  oxyacids,  from  its  combining  with  the  fixed  alkalies. 

Compound  of  Silicon  and  Chlorine. 

§  601.  When  silicon  is  heated  in  a  current  of  chlorine, 
it  ignites  and  forms  a  compound,  which  is  rapidly  volatilized. 
The  product  of  the  combustion  condenses  into  a  liquid,  which 
is  colourless  when  pure,  but  is  generally  yellow  from  a  portion 
of  chlorine  mixed  with  it.  It  may  also  be  produced  by  the 
joint  action  of  chlorine  and  carbon  upon  silica ;  and  the  process 
iSbrds  a  good  example  of  the  efiicacy  of  two  concurring  affini- 
te^  when  neither  singly  would  be  efficient.  It  consists  in 
nu&Dg  equal  parts  of  hydrated  silicic  acid  and  starch  into  a 
pute  with  oil,  and  heating  the  mass  in  a  covered  crucible,  so  as 
to  duff  the  vegetable  matters.  In  this  way  an  intimate  mixture 
of  dica  and  carbon  is  obtained,  which  is  placed  in  fragments  in 
^porcelain  tube  and  heated  to  redness,  while  a  current  of  dry 
dikxine  is  passed  over  it.  The  oxygen  of  the  silica  unites  with 
^cvbon,  and  forms  carbonic  oxide;  and  the  silicon  and  the 
^iUirine  at  the  same  moment  combine.  Neither  carbon  nor 
^Uorine,  singly^  have  the  slightest  action  upon  silica.  The 
^^ihtik  product  is  agitated  with  a  little  mercury  to  free  it  from 
*ittd  dlorine,  and  is  then  very  pure. 

CUoride  of  silicon  has  a  suffocating  odour,  not  unlike  that 
'cyiaogen^  and  when  thrown  into  water  is  converted  into 
"Bttiitie  acid  and  silica.    It  consists  of: — 


OUflriBB 


c-i 


.       la^  zs  1  Equivalent 
.      81.7  si         „       . 

lOOX) 

.      8 
.    36 

44 

Eonniila,  Sid. 
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Compound  of  Silicon  and  Fluorine. 

§  602.  We  have  already  stated  that  hydrofluoric  add 
acts  very  energetically  upon  glass:  or,  as  we  may  now  addi 
upon  pure  silica.  The  product  of  the  action  is  a  gas,  whkfc 
may  easily  be  obtained  by  pouring  upon  powdered  fluor-spir, 
mixed  with  half  its  weight  of  fine  sand  or  glass,  an  equal  wei^ 
of  strong  sulphuric  acid.  It  may  be  collected  in  glass  jars  orcr 
mercury.  It  is  colourless,  and  possesses  a  penetrating  odcwr 
and  sour  taste.  It  extinguishes  all  burning  bodies  when  i» 
mersed  in  it,  and  produces  white  fumes  in  the  air  from  its  hif^ 
attraction  for  moisture.  100  cubic  inches  weigh  about  lift 
grains. 

Water  absorbs  263  times  its  bulk  of  the  gas,  and  the  solotiaii 
may  be  kept  in  glass  vessels.     About  17  per  cent,  of  siliciii 
precipitated  during  the  solution,  owing  to  the  decomposition  ci* 
water,  the  oxygen  of  which  unites  with  the  silicon,  and  the  \ 
hydrogen  with  the  fluorine,  which  forms  hydrofluoric  acid,  nil 
which  remains  in  solution.     The  gas  condenses  twice  its  vAvsmi 
of  ammonia,  and  forms  with  it  a  dry,  saline  compound.    It  abtfl 
combines  with  other  bases.  A 

The  gas  is  most  probably  a  binary  compound  of  silicon  mil 
fluorine,  and  its  proper  name  would,  therefore,  be  fluoride  ff\ 
silicon.  It  is  sometimes  called  fluosilicic acid.  It  is  composed^ 
of:— 

Silicon 
Fluorine    . 


30.8  =   1  Equivalent 
69.2  =   1 

100.0 

.    8 
.  J8 

26 

Formula,  SiF. 

Boron. 

§  603.  When  two  parts  of  potassium  are  mixed  witk 
one  of  boracic  acid,  which  has  been  previously  fused  and  poir- 
dered,  and  the  two  are  heated  together  in  a  copper  tube,  at  • 
temperature  of  about  300°  Fahrenheit,  they  suddenly  become 
red  hot;  and  when  the  product  has  been  washed  with  wann 
water,  a  greenish-brown,  or  olive-coloured  substance  remaini, 
which  is  boron. 

It  is  insoluble  in  water,  tasteless,  and  without  action  a(KHi 
vegetable  colours.     It  is  a  non-conductor  of  electricity.    It  m«f 
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exposed  to  the  strongest  heat  in  close  vessels  without  under- 
iig  any  change^  except  becoming  harder  and  more  dense.  It 
s  not  decompose  water,  either  hot  or  cold.  Its  specific 
rity  is  about  2.  When  heated  to  about  600^  Fahrenheit  in 
open  air  it  bums  yiyidly,  and  is  conyerted  into  boracic  acid. 

Campownd  of  Boron  and  Oxygen, 

§  604.  Boron  absorbs   about  68  per  cent,   of  oxygen 
ing  its  conversion  into  boracic  acid. 

Boracic  acid  is  commonly  obtained  by  dissolving  a  given 
j^t  of  a  salt  called  borax,  (which  is  imported  into  this 
titry  firom  India,  in  a  rough  state,  under  the  name  of  tincaly) 
toiling  water,  and  adding  half  its  weight  of  sulphuric  acid^ 
riously  diluted  with  an  equal  quantity  of  water.  As  the 
ttion  cools,  scaly  crystals  are  precipitated,  which  is  the  sub- 
loe  in  question.  It  is  also  found  native  in  the  neighbourhood 
olcanoes. 

It  is  destitute  of  odour,  and  possesses  very  little  taste.  It 
paringly  soluble  in  water,  and  the  solution  reddens  blue 
stable  colours.  It  also  acts  as  an  alkali  upon  turmeric 
er,  turning  its  yellow  tint  to  brown.  It  is  soluble  in 
diol,  and  communicates  a  green  colour  to  its  flame.  It  fuses 
en  heated,  and  parts  with  its  water  of  crystallization.  There 
ome  difficulty  in  fixing  the  equivalent  of  boron  and  of  this 
J;  but  the  latter  is  probably  composed  of: — 

Boron  .         .     29.41   =   1  Equiralent        .     20 

Oxygen       .         .         .     7059  =  6  Equiralento       .   J8 

100.00  68 


Formula,  B0«. 

The' number,  68,  will  agree  with  the  proportion  in  which  it 
mbines  with  soda,  to  form  borax.     The  aqueo-acid  will  then 
mist  of: — 
Anhydrous  Boracic  Acid  55.74  =   1  Eqaiyalent  68 

Water  .    44.26  =  6  Equiyalents       .     54 

100.00  122 


Formula,  BO^  +  6  HO. 

Compofund  of  Boron  and  Chlorine. 
I  605.  The  chloride  qf  boron  may  be  prepared  by  exactly 
idhr  processes  to  those  which  have  been  described  for  pro^ 

2e 
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curing  chloride  of  silicon,  (§  601,)  only   subsritutiiig  ' 
acid  for  silica. 

It  is  a  colourless  gas,  which  may  be  obtained  in  a  i 
purity  by  collecting  it  over  mercury,  which  absorbs  any 
of  chlorine.  It  is  rapidly  absorbed  by  water,  but  with 
decomposition,  and  tlie  production  of  muriatic  and 
acids.  Its  specific  gravity  is  3*94.  Its  exact  composit 
not  yet  been  accurately  determined.  It  forms  a  liqui) 
pound  with  ammonia. 

Boron  and  Fluorine. 
§  606.  If  fluor  spar  be  mixed  with  half  its  ire 
vitrified  boracic  acid  instead  of  silica,  (j  60!?,)  and  gently 
with  sulphuric  acid  in  a  retort,  a  gas  may  be  collect* 
mercury,  which  greatly  resembles  the  tluosiUcic  gas. 
also  be  obtained  by  exposing  a  mixture  of  boracic  ac 
fluor  spar  together  in  an  iron  tube  to  a  high  heat.  It  is 
less,  possesses  a  very  pungent  odour,  and  instantly  extin 
flame.  It  occasions  a  dense  white  cloud  when  it  escajx 
the  air;  and  it  is  rapidly  absorbed  by  water,  which  ta 
700  times  its  volume.  Some  boracic  acid  is  deposited 
the  solution.  100  cubic  inches  of  the  gas  weigh  ab 
grains.  The  saturated  solution  is  perfectly  limpid,  tmm 
exposed  to  the  air,  and  is  very  caustic.  It  acta  with 
intensity  of  sulphuric  acid  upon  oi^;anized  bodies,  hUc 
and  disintegrating  them.  It  has  no  action  upon  glaa^ 
forms  secondary  combinations  with  ammonia  and  other  I 
It  is  most  probable  that  this  acid  is  a  compound  of 
and  fluorine,  and  it  should  therefore  be  called  flnoridt  t^ 
but  its  exact  constitution  has  not  yet  been  accuiib 
termined. 

§  6O7.  We  have  thus  examined  the  propertin 

NON-HBTALrLIC    BLEUKNTB   aS  hf  aS    OUT    pUipOfle    VoA 

permit;  and  we  have  illustrated,  chiefly  from  their  conila 
with  each  other,  the  fundamental  laws  of  chemical  con^ 
By  way  of  recapitulation,  and  for  convenience  of  rdl 
table  is  subjoined  of  tiieir  symbols  and  equivalents  in  t 
i^  thor  numerical  values  upon  the  hydrogen  scale,  j 
with  thrir  specific  gravities  in  the  aeriform  state.  It ' 
remarking,  that  the  order  of  tbcor  equivalent  weighta 
nearly  tlie  order  of  their  apetafie  weights,  aliovi 
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lion  of  those  bodies  which  combine  in  less  proportion 
ne  Tolume  of  their  vapours. 

:  XL.     Symbols,  EquivaleniSy  and  Densities,  qf  the  Non- 
Metallic  Elements. 


Stmbol. 

Equitalext. 

Demsitt. 

No.                     VoL 

Air  1.000. 

-ogen  . 

H 

1 

0.069 

on 

C 

6 

jen 

0 

8              CD 

1.102 

>n 

Si 

8 

)gen    . 

N 

14      n 

0.976 

iiur 

S 

16              i 

6.648 

phorus 

P 

16            ^ 

4.354 

line    . 

F 

18 

n 

B 

20 

rine     . 

CI 

36             \_J 

2.500 

lium    . 

Se 

40 

nine 

Br 

78 

5.400 

le 

I 

126             1 

8.707 

§  608.  In  ei 

itablishing  th 

e  elementaiT  cha 

racter  of  these 

x>-iindecompounded  kinds  of  matter^  we  have  demolished 
ssical  and  poptdar  pretensions  of  air,  fire,  and  watery  to 
mongst  the  first  principles  of  things.  Earthy  which  was 
ly  other  element  admitted  by  the  Grecian  philosophers^ 
ford  us  at  once  another  instance  of  the  loose  kind  of 
ies  with  which  they  were  satisfied  in  their  speculations 
latural  philosophy^  and  no  inappropriate  introduction  to 
ETALLic  ELEMENTS.  But  here  a  difficulty  occurs  in 
the  meaning  of  the  word.  Every  one  attaches  a  definite 
» the  terms  air^  water^  and  fire^  and  they  have  doubtless 
the  same  meaning  in  all  ages  of  the  world;  but  the  terms 
earthy  body,  are  much  more  vague  and  indefinite.  At 
ne  time,  an  earth  is  commonly  understood  to  be  a  duUj 
opaque^  firiable  substance,  without  lustre,  and  not  disposed 
m  or  take  fire;  and  is  thus  distinguished  firom  metals 
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on  the  one  hand,  and  from  carbon  and  other  oombustiUe 
substances,  on  the  other. 

According  to  common  experience,  the  greatest  part  of  com- 
bustible substances  leave,  when  they  are  burnt,  an  earthy  residtt 
which  is  generally  called  their  ashes.  This  earthy  residue  ii 
very  frequently  the  result  of  the  combination  of  some  metJ 
with  oxygen; — it  is  an  oxide.  Wood,  and  other  vegetdii 
substances  grown  at  a  distance  from  the  sea,  when  burnt,  kM 
an  abundance  of  such  ashes,  which  are  valuable  articles  of  coBh 
merce,  and  known  by  the  name  of  potashes.  They  are  alkaEn^ 
and  the  soluble  matter  which  may  be  obtained  from  ibm^ 
when  purified  and  deprived  of  carbonic  acid,  by  the  eleclifl 
affinity  of  lime,  is  exactly  the  same  as  that  which  is  obtained  If  ^ 
the  oxidation  of  the  metal  potassium,  and  is  called  potassa. 

The  earthy  residue  of  the  combustion  of  sea-weeds 
another  alkaline  substance,  whose  properties  very  much 
potassa,  to  which  the  name  of  soda  has  been  given.    It  ill' 
combination  of  the  metal  sodium  (which  is  analogous  to  poU^ 
slum)  with  oxygen. 

There  are  other  substances  again,  which  occur  natunJIf  » 
earths,  such  as  clay  and  sand.  On  the  other  hand,  whenefor, 
we  bum  the  metals,  or  cause  them  to  combine  with  oxygen  bf  i 
less  energetic  processes,  we  obtain  earthy  products  which  difir: 
in  colour;  and  of  these  the  combinations  of  iron,  copper,  xiiM^ 
antimony,  may  be  taken  as  examples.  The  oxides,  in  shorff 
used  formerly  to  be  known  by  the  name  of  the  earths  of  (k 
metals.  They  frequently  occur  in  the  native  state,  and  con- 
stitute  the  ores  from  which  the  metals  may  be  obtained. 

§  609.  The  processes  of  reduction  are  all  instances  rf 
elective  attraction;  and  the  affinities  which  are  applied  to  tla 
purpose  are  those  of  hydrogen  and  carbon,  most  frequendf 
assisted  by  a  high  temperature.  The  metsJs  potassium  vA  ' 
sodium  have  the  highest  affinity  for  oxygen,  and  thereta 
require  the  most  energetic  means  for  their  extraction.  It  miy 
be  effected  by  causing  a  combination  of  their  oxides  with  wite^ 
obtained  from  the  ashes  of  vegetables  as  we  have  just  mA 
carefully  purified,  to  pass  in  a  melted  state  over  clean  ir* 
turnings  heated  to  whiteness  in  a  gun-barrel  properly  benttf^ 
disposed  for  the  purpose.  A  portion  of  hydrogen  gas  ii  I«»* 
bably  first  disengaged  from  the  decomposition  of  the  water,*' 
reacting  upon  the  potassa  or  soda  (as  the  oxides  of 
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and  sodium  are  respectively  called)^  combines  with  its  oxygen^ 
and  sets  the  metals  free.  These  are  carefully  introduced  into 
some  liquid  (naphtha)  which  contains  no  oxygen  in  its  com- 
position, and  are  thus  preserved  (121). 

§  610.  The  earths,  or  oxides,  of  other  metals,  may  also 
be  reduced  by  placing  them  in  tubes  heated  to  redness,  and 
passing  a  current  of  hydrogen  over  them;  but  the  most  common 
process  is,  to  mix  them  with  charcoal  as  the  deoxidating  agent, 
ind  expose  them  to  a  strong  heat. 

In  processes  of  manufacture,  such  as  those  of  iron  and  tin, 
the  ores  (which  are  called  iron-stone  and  tin-stone)  are  mixed 
with  the  fuel,  and  ignited  in  properly-constructed  furnaces,  in 
the  bottoms  of  which  the  metals  are  collected  in  the  fused  state, 
tnd  are  thence  suffered  to  run  into  proper  moulds  placed  for 
their  reception. 

(121)  The  apparatus  for  the  production  of  potassium  is  here 
iqtresented.  The  upper  figure  exhibits  the  gun-barrel  bent  into  the 
proper  form,  and  covered  from  o  to  e  with  fire-clay,  to  protect  it  from 
tke  fire.  Pieces  of  fused  potassa  are  placed  in  the  inclined  part  from 
I  to  c,  and  the  iron  turnings  occupy  the  space  from  e  to  o.  a  ▲  is 
seopper  tube  and  small  receiver,  which  are  fitted  by  grinding  to  the 
tttremit J,  a 


B  lower  figure  the  tube  ii  seen  in  its  proper  position  in  the 
Each  extremity  ii  closed  by  bent  tubes,  x  and  t,  dipping 
dw  mr&ce  of  mercuiy.  The  copper  vessel  is  kept  cool  by  wet 
I'NH  ud  the  potaisa  is  fused  by  red-hot  charcoal,  in  the  tray,  o. 
Ai  fas  is  mged  to  the  utmost  by  a  good  double  bellows  entering  the 
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§  611.  A  better  instance  cannot  be  adduced  of  the  influ- 
ence of  prejudice  on  the  mind,  and  of  the  particular  ancienl 
prejudice  with  regard  to  the  elements  which  we  are  engaged  in 
combating  by  the  experimental  philosophy,  than  the  science  of 
the  reduction  of  the  metals  affords.  Even  so  late  as  the  end 
of  the  seventeenth  century,  an  eminent  German  philosopher, 
Stahl,  invented  an  liypotliesis  to  explain  the  process  of  com- 
bustion, which  was  long  celebrated  by  the  name  of  tlie  Phloguik 
Theory.  In  it  the  elementary  nature  of  the  earths  was  taken 
for  granted,  and  the  metals  were  supposed  to  be  compounds  of 
these  simple  substances,  with  an  universal  principle  of  inflam- 
mability, or  fire,  to  which  was  given  the  name  of  phlog\^OL 
It  professed  to  be  founded  upon  the  basis  of  experiment.  When 
zinc  was  heated  to  redness  it  burnt  ^nth  a  brilliant  flame,  and 
was  converted  into  a  white  earth;  hence  it  was  concluded  that 
zinc  consists  of  this  earth  and  phlogiston.  Again  the  earth  mi 
heated  with  charcoal,  or  some  other  body  abounding  in  the 
imaginary  phlogiston,  with  which  it  combined,  and  themetil 
was  reproduced.  When  it  was  subsequently  obsen-ed  that  the 
body  burning  always  increased  in  weight,  there  were  not 
wanting  those  who  went  the  whole  length  of  ascribing  Ugklnm 
as  a  quality  to  phlogiston,  by  parting  with  which  the  bant 
body  became  lieavier.  Notwithstanding  this  difficulty,  and  the 
necessary  presence  of  air  to  the  combustion,  the  opinion  im 
immediately  embraced  by  the  generality  of  chemists,  and  maiB- 
tained  its  ascendency  for  more  than  fifty  years,  until  shaken  and 
upset  by  the  arguments  of  Lavoisier. 

But,  although  afterwards  proved  by  reference  to  the  habns 
to  be  utterly  void  of  foundation,  we  must  not  suppose  that  tb 
hypothesis  was  without  its  usei  on  the  contrary  it  fiilly  ansM*' 
for  the  time  all  the  legitimate  purposes  of  a  theory;  far  t 
connected  together  into  one  consistent  view  a  vast  mnkitiiderf 
detached  facts  and  observations,  and  brought  them,  as  a  vbok^ 
within  the  province  of  philosophic  speculation.  In  thisvv*^ 
were  included  the  processes  of  acidification,  oombustiany  0^ 
respiration;  the  importance  of  which  classification  MMV* 
undiminished  at  this  day,  and  constitutes  one  of  the  gniMt 
steps  which  perhaps  was  ever  made  by  chemical  philoMfkf* 


{  612.  The  metals  constitute  a  well-known  %smm^m^:  i 
stances,  distinguished  from  other  aubstanoes  by  olianctaBi«H|  ] 
eveiy  one  recognises.    The  class  is  numennu||  but  noM  (CJ^ 
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been  resolved  into  more  simple  forms  of  matter,  and  they 
therefore  considered  to  be  chemical  elements, 
rhe  metallic  character  forms,  as  we  have  seen,  the  first 
md  for  classification,  and  the  elements  are  divided,  with 
•ence  to  it,  into  metallic  and  non-metallic.  Although  popu- 
^  recognised,  it  is  difficult  to  define  with  accuracy.  With 
exception,  namely  quicksilver,  they  are  all  solid  at  ordinary 
peratures,  but  are  capable  of  liquefaction,  and  even  volatili- 
m,  at  different  high  degrees  of  heat.  Their  most  striking 
>erty  is  their  lustre,  which  is  so  remarkable  as  to  be  known 
he  name  of  the  metcMic  lustre;  it  is  at  once  recognised,  but 
colt  to  describe.  It  is  dependent  upon  their  action  upon 
b,  and  made  up  of  opacity  and  reflexion. 
With  regard  to  their  other  general  physical  characters^  they 
«ss  in  different  degree  a  peculiar  tenacity,  which  in  its 
test  perfection  renders  them  malleable  and  ductile,  or 
ible  of  being  extended  under  the  hammer,  and  drawn  into 
i,  properties  which  belong  to  no  other  species  of  matter. 
5  grain  of  gold  may  be  extended  so  as  to  cover  fifty-two 
ire  inches  of  surface,  and  yet  have  its  lustre  unimpaired: 
platinum  wire  has  been  obtained  the  aoioo^^  ^^  ^^  ^^^ 
iiameter,  which  is  invisible,  except  under  particular  circum- 
ices  of  illumination.  There  are,  however,  various  gradations 
:his  property,  which  end  in  brittleness;  and  antimony  may 
ly  be  pounded  in  a  mortar. 

Metals  also  differ  in  hardness,  some  being  capable  of 
itching  glass,  as  titanium  and  iron;  others,  on  the  contrary, 
f  be  cut  by  the  finger-nail,  as  lead,  potassium,  and  sodium, 
ar  points  of  fusion  vary  between  —40°,  the  freezing-point 
ncrcury,  and  the  melting-point  of  platinum,  which  is  a  little 
end  3280°. 

A  high  specific  gravity  was  one  of  their  most  marked  cha- 
teristics,  till  the  recent  discovery  of  the  metals  of  the  alkalies; 
I  so  intimately,  till  then,  was  the  metallic  lustre  associated, 
the  minds  even  of  the  well-informed,  with  great  weight,  that 
en  a  piece  of  potassium  was  placed  by  Sir  H.  Davy,  for  the 
t  time,  in  the  hand  of  an  eminent  teacher  of  chemistry,  in 
niring  its  perfect  metallic  characters  he  poised  it  upon  his 
}er,  and  exclaimed,  "  how  heavy  V\  This  prejudice  was  only 
loved  by  seeing  it  float  upon  water. 

Platinum  is  the  densest  form  of  matter  with  which  we  are 
uainted,  and  its  specific  gravity  is  20.98.  The  lightest  metal 
totassium,  and  its  specific  gravity  is  0.865. 
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We  have  already  found  that  the  metals  are  the  best  condiK- 
tors  of  heat^  and  one  of  their  most  marked  physical  characters 
is  the  perfect  way  in  which  they  conduct  electricity.  The  only 
substance  which  can  be  compared  with  them  in  tliis  property  is 
charcoal^  and  this  is  inferior  to  iron^  the  worst  of  the  class. 

They  are  chemically  distinguished  by  forming  saline  bam 
(or  substances  capable  of  neutralizing  and  entering  into  second- 
ary union  with  acids^)  with  oxygen.  Gold  and  arsenic  are  the 
only  exceptions  to  this  rule.  The  affinity  of  the  metals  far 
oxygen  varies  very  greatly  between  those  of  gold  and  platinum, 
whose  oxides  may  be  decomposed  by  the  slightest  forces,  and 
that  of  potassium^  which  will  attract  oxygen  from  every  known 
compound. 

The  metallic  elements  are  very  numerous  and  amount  to  4S, 
and  they  have  been  subdivided  into  classes  in  rather  an  im- 
perfect manner  by  the  difference  of  their  affinity  for  oxygen. 


Class  I. — MelaU   the  oxides  of  which  give   off'  their  oiifgn  hj 

mere  heat- 


Noble  Metals 


1  Mercury. 

2  Silver. 

3  Gold. 

4  Platinum. 

5  Palladium. 

6  Rhodium. 

7  Iridium. 

8  Osmium. 


Class  II. — Metals  which  retain  oxygen  ai  high  temperature  ttt  ^ 

not  decompose  water  at  any  temperature* 


NON-ACIDIFIABLE    . 


ACIDIFIABLB 


9  Lead. 

10  Copper. 

11  Titamom. 

12  Bismntli. 

13  Cerium. 

14  Lantanum. 

15  Uianiiuii. 

16  TeUoriiim. 

17  AntimoDiy. 

18  Colnmbioiib 
10  ToBgiteD. 

90  MolyUttnDB. 

91  Olimiiiiimk 
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-MelaU  which  retain  oxygen  at   high  temperature  and 
decompose  water  at  a  red  heat. 


24  Nickel. 

25  Cobalt. 

26  Iron. 

27  Tin. 

28  Cadmium. 

29  Zinc. 

30  Manganese,  (acidifiable,) 


• — Metals  which  retain  oxygen  at  high  temperature  and  do 
not  decompose  water  at  ordinary  temperature. 


ERBIFIABLE   MeTALS  . 


31  Aluminum. 

32  Yttrium. 

33  Glucinum. 

34  Thorinum. 

35  Zirconium. 


—  Metals  which   retain  oxygen  at    high  temperature  and 
decompose  water  at  ordinary  temperature. 


.LKAUFUBLB  MeTALS.       ( 


36  Potassium. 

37  Sodium. 

38  Lithium. 

39  Calcium. 

40  Barium. 

41  Strontium. 

42  Magnesium. 


no  part  of  our  present  purpose  to  enter  upon  the 
al  history,  properties,  modes  of  extraction,  and  applica- 
hia  numerous  class  of  elements  which  are  bound  together 
brongest  analogies ;  but  the  following  table  will  include 
of  the  particulars  as  can  conveniently  be  thus  collected; 
iidi  we  will  proceed  to  select  such  examples  of  their 
tiona  as  may  illustrate  the  laws  of  composition  and  the 
liy  of  the  sidyject. 

1  nguA  to  tiie  eqcdvalent  numbers  and  densities  ex- 
in  tibe  pieoeding  table,  we  cannot  but  again  remark  that 
not  metala  have  the  highest  combining  numbers,  and 
BBkn^  generally,  when  the  specific  gravity  varies  from 
1^  tibe  eqpdvalents  are  about  or  above  100;  and  when  tibe 
HIBvibf  ia  bdow  8  the  combining  ratioa  are  abont  80. 


S&. 


METALLIC  ELEMENTS. 


Table  XLI. — Si/mboh,  Equivaientt,  and  Phytieai  Pr 
of  the  Metallic  Elements. 


Common 

ijiita 

Eqol. 

Nun™. 

N.B1«. 

Byiokol* 

•alcoBL 

FmibQitjr. 

H 

1 

LItliiimi    .     . 

L 

7 

HKgneHium   . 

Ms 

13 

Aluminun.     . 

Al 

I-l 

Gl 

18 

Cnlciuni    .     . 

Ca 

2D 

Zirconium      . 

Zr 

B2 

N»tronium    , 

Na 

24 

0.972 

igcF 

I 

Titanioin  .    . 

Ti 

24 

6.30 

Ov-hydrogco 
blow-pipo 

Iron     .    . 

Femim    .    . 

Pe 

28 

7.78 

2;8e- 

Mn 

38 

&8S 

Clirome     . 

Chromium     . 

Cr 

28 

Ony-hjdrogen 

Nickel.     . 

Nickclium     . 

Ni 

30 

aa7 

Cololt .      . 

C»l>»ltim>.     . 

Co 

06 

8.63 

Copper       . 

Cuprum    ,     , 

Cii 

38 

8.B0 

199» 

1 

Zino     .    . 

Ziucum     .     . 
Yttrium    .    . 

Z 
Y 

32 
32 

7.00 

T?*- 

' 

Anenic      . 

Arsenicum    . 

Ab 

38 

6.80 

PoloBHiun 

Kalium    .     . 
Stronliam     . 

Ka 
Sr 

40 
44 

0.865 

136» 

' 

Mo 

48 

7.40 

Oxy-hydrogea 

Hhodlum .     . 

B 

Oxyhjdrogco 

FalUdiuDi     . 

Pd 

frl 

11.60 

Cd 

se 

R60 

442" 

I 

Tin,    .     . 

Stannimi  .    . 
Uranium .     . 

8n 
Uc 

60 
60 

7.30 

44S' 

' 

Tellurium     . 

Te 

C4 

&10 

coo- 

Antimony. 

Stibium    .     . 
Thariuuni     . 
Vanadiom      . 
Barium    .    . 

Sb 
Th 
V 
B» 

G4 

m 

a70 

about  900> 

Bi«nqthum  . 

Bi 

72 

9.B0 

497* 

TungMen  . 

Wolfrmmium 

W 

96 

17.60 

Oij'bydrogai 

PiBtinum.    . 

Pt 

99 

S0.S8 

about  3300> 

Iridium    .    . 

Ir 

9ft 

18,68. 

Omuum  .     . 

Ob 

100 

'  I 

L«td    .    . 

Plmnbnm     . 

Pb 

104 

11.35 

«ir 

BilTor  .    . 

Argentom     . 

As 

108 

10.47 

IT?*" 

■ 

Gold    .    . 

ColumUum  . 
Anmm     .    , 

Cob 
Au 

186 
SOO 

19.36 

aoi«> 

■1 

Mercnry  . 

H^'dnirgjrom 
UntKOnm     . 
Cerium    .    . 

Hg 
L 
Cd 

30« 
t 
? 
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PRIMARY  COMBINATIONS. 

1.  Alloys. 

§  613.  Now  these  metallic  elements  can  scarcely^  perhaps^ 

be  said  to  combine  together  under  the  higher  force  of  chemical 

affinity;    they   do   not  unite  to   form^  strictly  speaking,  new 

species  of  matter;  but  their  union  more  resembles  that  which 

ire  have  already  distinguished  as  resulting  from  heterogenous 

adhesion  or  solution.    The  compounds^  though  highly  useful  in 

the  arts,  possess  little  scientific  interest.    Gold  and  silver,  which 

are  difficultly  fusible   metals,  dissolve   readily  in   mercury  at 

ordinary  atmosplieric  temperatures;  so  will  copper  dissolve  in 

melted  zinc.     The  vapour  of  one  metal  will   even   penetrate 

mother  metal  without  destroying  its  cohesion.     It  is  thus  that 

copper  plates  and  rods  are  often  converted  superficially  into 

brass  by  exposure  at  a  high  temperature  to  the  fumes  of  zinc ; 

md  afterwards  laminated  or  drawn  into  wire.     The  properties 

of  the  alloys,  as  the  mutual  combinations  of  the   metals   arc 

oiled,  are  mostly  intermediate  between  those  of  their  ingre* 

dients :  but  they  sometimes  combine  in  equivalent  proportions^ 

ttid  definite  compounds   will   frequently   crystallize  from  the 

liquid  amalgams  of  gold,  silver,  lead,  tin,  &c.    The  specific  gravity 

of  an  alloy  often  differs  very  materially  from  that  of  the  mean 

of  its  two  ingredients.     For  example,  the  alloy  of  gold  and 

^c  has  a  specific  gravity  greater  than  the  mean ;  of  gold  and 

Copper,  less ;  silver  and  zinc,  again,  greater ;  silver  and  copper, 

few.    In  the  act  of  combination  they  often  evolve  heat :  thus, 

when  platinum  and  tinfoil  are  fused  together   there  is   vivid 

ignition;  while  on  the  otlier  hand,  as  we  have  seen  (§  177)^ 

soffident  heat  is  absorbed  by  the  solution  of  certain  metals  in 

mercury,  to  cause  the  congelation  of  water. 

The  fusibility  of  an  alloy  is  generally  greater  than  that  of 
%  components ;  and  platinum,  which  is  infusible  in  our  best 
fivnaoes,  forms  a  very  fusible  alloy  with  arsenic.  An  alloy  of 
Main  proportions  of  lead,  tin,  and  bismuth  (§  173),  is  fusible 
St  812^,  many  degrees  below  tlie  temperature  of  its  most  fusible 
lopedient. 

Siidi  differences  we  often  notice  in  solutions  and  mixtures. 

§  614.  Of  a  very  different  character  are  the  combina- 
^^^fosk  of  the  metallic  elements  with  the  non-metallic ;  some  of 
*to  we  have  already  carBorily  noticed  as  illustrations  of  the 
d^Hictai  iA  the  latter.    They  are  almost  infinite  in  number^ 
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and,  of  course,  vary  very  much  in  interest.     We  car 
more,  at  present,  than  mark  the  general  characters  of  eai 

2.  Oxides. 

§  615.  By  &r  the  most  important  class  of  metal 
pounds  are  the  combinations  of  the  metals  with  oxygi 
the  energy  of  their  affinity  for  this  element  differs  in 
great  degree.  The  oxide  of  gold  is  reducible  by  tl 
agency  of  light,  while  the  oxides  of  some  metals  can  sea 
reduced  by  the  agency  of  the  highest  elective  affinity  ass 
the  most  intense  heat.  One  metal  will  take  oxyg( 
another,  as  when  oxide  of  mercury  is  reduced  by  dia 
from  metallic  iron,  or  oxide  of  manganese  by  potassiuir 
even  happens  when  the  oxide  is  in  solution,  and  tht 
may  be  precipitated  from  the  solution  of  its  oxide  in  ni 
l)y  mercury,  or  mercury  from  its  nitrate  by  copper. 

Most  of  the  metals  enter  into  combination  with  m 
multiple  proportions;  and  almost  invariably  the  compo 
single  equivalents  constitute  saline  bases,  or  bodies  ca{ 
forming  salts  with  the  acids.  A  second  equivalent  of 
sometimes  leaves  this  power.  Thus,  HgO  and  HgOf  bo 
salts  with  nitric  acid,  and  FeO  and  FeO||  form  salts  n 
sulphuric  acid. 

But  the  second  equivalent  often  takes  away  the  p 
such  combination  altogether;  thus  the  protoxide  of  mai 
MnO,  is  a  salifiable  base,  and  combines  readily  with  si 
acid,  but  the  peroxide,  MnOe,  is  obliged  to  give  off  an 
lent  of  oxygen  before  it  can  enter  into  combination  i 
same  acid. 

A  further  addition  of  oxygen  will  sometimes  oonvait 
into  an  acid ;  as  in  the  last  instance  MnOs  forms  the  in 
acid,  which  combines  with  potassa  and  other  bases,  tan 
well-defined  class  of  salts. 

In  the  Class  II.  of  the  Metals,  seven  are  distmgiii 
constituting  a  subdivision  of  acidifiable  metals;  amongi 
stands  arsenic,  the  only  metal  whose  ozidesi,  even  of  Am 
degree  probably,  have  all  add  properties. 

Tlias  AiOji  constitutes  the  Anenioos  add. 
AsOgi  „  Arsenio  addL 

In  Clasa  III.^  also,  manganese  is  diitiuguiahed  w  adj 

Moat  of  the  metallic  ozidea  are  alao  emptltim  af  jfgt 

tibe  fdnctiona  of  an  add  with  rsgaid  to  tiM  imMmH 
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amonia,  and  thus  the  oxides  of  gold,  silver,  copper,  &c.,  are 
ssolved  by  the  volatile  alkali,  and  are  called  ammoniureis. 

They  also  combine  in  equivalent  proportions  with  water, 
id  are  then  designated  as  hydrates  or  hydrated  oxides. 

Some  metals  are  capable  of  forming  sub-oxides^  in  which 
iro  or  more  equivalents  of  the  metal  are  combined  with  one 
qoivalent  of  oxygen.  Thus  a  dinoxide  of  lead  may  be  formed 
T  heating  oxalate  of  lead  to  a  dull  red  heat  in  a  glass  vessel, 
lie  gray  powder  which  remains  is  Fb^O. 

3.  Chlorides. 

§  616.  Next  in  importance  to  the  combinations  of  the 
oetals  with  oxygen  stand  those  with  chlorine,  and  as  we  have 
lireadf  seen,  their  affinity  with  Uiis  non-metallic  element  is  of 
be  most  energetic  kind.  The  attraction  of  chlorine  for  the 
netals  even  surpasses  that  of  oxygen.  Thus  when  this  gas  is 
)roug))t  into  contact,  at  a  red  heat,  with  lime,  magnesia,  baryta, 
itrontia,  potassa  or  soda,  oxygen  is  given  off,  and  a  chloride  of 
the  metal  is  generated,  the  elements  of  which  are  so  strongly 
inited  that  no  degree  of  heat  can  separate  them. 

We  have  already  (§  531)  remarked  upon  production  of 
chlorides  by  the  action  of  the  hydrochloric  acid  upon  the 
Dxides  of  the  metals  w^ith  the  formation  of  water:  by  evapo- 
ition  to  dryness  and  exposure  to  a  red  heat,  the  water  may  be 
sxpelled  from  the  compound. 

Chlorine  also  combines  with  the  metals  in  multiple  propor- 
tkmi. 

Some  of  tlie  metallic  chlorides  are  volatile,  and  may  be 
nUimed  without  change;  such  are  the  chlorides  of  arsenic,  tin, 
h&timony,  and  mercury.  Two  only  are  wholly  insoluble  in 
nter,  namely,  the  chloride  of  silver  and  the  protochloride  of 
Mduy. 

Some  of  the  chlorides  are  capable  of  entering  into  secondary 
Bonibiution  with  each  other,  and  form  a  class  of  double  chlorides. 

4.  Iodides  and  Bromides. 

§  617*  The  compounds  of  iodine  and  bromine  with  the 
Mdi  are  ao  closely  analogous  to  the  chlorides,  that  we  need 
^  dwell  upon  them. 

5.   SULPHURETS. 

I  618.  All  the  metals  are  capable  of  combining  with 
Nflmr,  and  their  sulidiureta  may  be  obtained  by  different 
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processes.  Some  of  them  occur  native,  and  constitate  tin 
principal  ores.  They  may  be  formed  by  heating  the  metal  id 
close  vessel  with  sulphur;  and  it  sometimes  happens  that  i 
metal  bums  in  the  vapour  which  is  formed. 

By  heating  sulphur  also  with  a  metallic  oxide  sulphnra 
acid  will  often  be  formed,  and  the  metallic  sulphuret  renu 
behind. 

By  passing  hydrogen  over  the  dry  sulphate  of  the  metal  t 
oxjrgen  of  the  acid  will  be  abstracted,  and  the  sulphur  remain 
union  with  the  metal. 

The  sulphurets  may  also  be  formed  by  the  action  of  i 
phuretted  hydrogen  (or  hydrosulphuric  acid)  upon  the  solntic 
of  the  metallic  oxides,  in  a  manner  perfectly  analogous  to  i 
formation  of  chlorides  by  the  action  of  hydrochloric  add  op 
the  same  oxides. 

Some  of  the  sulphurets  have  a  metallic  lustre,  as  the  s 
phurets  of  silver  and  lead;  others  are  more  or  less  transpaie 
as  the  protosulphuret  of  arsenic.  Some  are  fusible  and  m 
volatile.  A  few  are  soluble,  but  the  greater  part  insohii 
in  water.  Generally  speaking,  the  sulphurets  correspond 
number  and  equivalent  composition  with  the  oxides  of  th 
respective  metals. 

Some  of  the  sulphurets,  also,  enter  into  combination  wi 
each  other,  and  are  distinguished  as  double  siUphurets. 

6.  Skleniurets. 

§  619.  The  combinations  of  selenium  with  the  mefc 
correspond  as  closely  with  their  sulphurets  as  the  iodides 
with  the  chlorides. 

7.  Phosphurets. 

§  620.  Phosphorus  combines  \iith  the  greater  number 
the  metals;  but  the  metallic  phosphurets  have  been  very  litl 
examined,  and  possess,  at  present,  very  little  interest  H 
are  best  obtained  by  heating  a  mixture  of  the  metal,  cr  i 
oxide,  with  phosphoric  acid  and  charcoal.  When  phosphm 
of  barium  or  calcium  is  brought  into  contact  with  water  phfl 
phuretted  hydrogen  is  formed,  and  a  hypophosphite  of  tl 
oxide  of  the  metal. 

8.  Carburets. 

§  621.  Carbon  has  but  a  feeble  afiinity  for  the  mebl 
and  with  one  only  does  it  form  compounds  of  any  impoiti&0 
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Carburet  of  iron  forms  the  varieties  of  cast  iron  and  steel;  but 
it  is  even  doubtful  whether  these  combinations  are  in  equivalent 
proportions. 

§  622.  Silicon  and  Boron  appear  to  stand  nearly  in  the 
sune  relation  to  the  metals  as  Carbon. 

9.    NiTRUBETS. 

§  623.  It  is  supposed,  that  by  the  action  of  heat  upon 

lome  metallic  compounds  of  ammonia  true   nitrurets   of   the 

metals  have   been   formed.     It  is   said,  that   the   nitruret  of 

copper,  for  instance,  may  be  procured  by  passing  ammonia  over 

iDhydrous  oxide  of  copper,  at  a  temperature  of  480°  Fahrenheit; 

tater  is  evolved  and  the  copper  and  nitrogen  unite  forming  a 

Mack  powder,  which,  at  a  temperature  of  540°  is  resolved  into 

ilB  elements  with  the  evolution  of  a  red  light;   its  formula  is 

laid  to  be 

CueyN. 

But  little,  however,  is  known  of  these  compounds,  and  it  is 
crtain,  that  the  affinity  of  nitrogen  for  the  metals  is  of  the 
eeblest  kind. 

10.  Hydrurets. 

§  624.  Hydrogen  also  seems  to  be  deficient  in  that  oppo- 
ntion  of  properties  to  the  metals,  which  is  essential  to  intimate 
^emical  combination.  It  forms  permanent  compounds  with 
two  or  three  only  of  their  number. 

Aiseniuretted  hydrogen  may  be  formed  by  melting  together, 
b  a  covered  crucible,  three  parts  of  granulated  tin  and  one  part 
of  metallic  arsenic  in  powder,  and  submitting  the  alloy,  in 
Pigments,  to  the  action  of  muriatic  acid  in  a  glass  retort.  On 
tte  application  of  a  moderate  heat  a  gas  is  given  ofF^  which  may 
^  collected  over  the  water  bath.  It  is  colourless,  without  acid 
popeitiesj  and  its  specific  gravity  is  about  0.5.  It  extinguishes 
comlnutible  bodies,  and  is  intensely  poisonous.  Tlie  only 
^Aer  hydrurets  known  as  those  of  tellurium  and  antimony. 

SECONDARY  COMBINATIONS. 

COMSTITUTION   OF   SaLTS. 

§  625.  We  have  already  adverted  (§  477)  to  the  secondary 
'^^■Bbbafcion  of  acids  and  bases^  and  to  that  neutralization  of 
V^totin  irUch  generally  takes  place  when  they  unite  together 
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in  single  equivalents^  whether  they  belong  to  the  class  of  oif- 
acids  or  to  that  of  hydro-acids.  The  products  of  such  cofr 
bination  have  been  called  salts,  and  their  usual  specific  noBMi- 
clature  we  have  previously  explained  (§  489  and  490). 

When  two  substances  are  thus  added  together,  and  prodoei  . 
by  their  union  a  teriium  quid,  it  is  difficult,  perhaps,  not  tt  j 
imagine  that  the  compound  contains  each  of  the  ingredient!  li 
combining;   and  no  prejudice  perhaps  was  ever  more  stram: 
than  that  which  satisfied  chemists  for  a  long  time,  that  t  flit; 
contained  both  the  acid  and  the  base  from  which  it  may  M 
formed.     Thus,  muriate  of  soda  was  as  surely  believed  to  eoi£ 
tain  muriatic  acid  and  soda,  (as  its  name  imports,)  as  sulphate 
potassa  to  contain  sulphuric  acid  and  potassa.     We  have 
however  (§  532),  that  with  regard  to  the  former  of  these 
salts,  the  progress  of  science  has  demonstratively  proved 
neither  muriatic  acid  nor  soda  enter  into  its  composition; 
that  it  is  a  simple  binary  compound  of  chlorine  and  the 
sodium,  and  that  the  action  of  all  the  hydro-acids  upon  m 
bases  give  rise  to  similar  results.     It  now  remains  to  be  sliciimj 
that  an  analogous  view  may  be  taken  of  other  classes  of  flJl% , 
and  that  in  sulphate  of  potassa  there  may  be  neither  solphvhf;; 
acid,  nor  potassa,  but  sulphur,  oxygen,  and  potassiiun,  in  soafl 
other  and  more  simple  mode  of  combination.     Such  a  vievr,  it  i 
will  be  hereafter  seen,  may  not  only  be  maintained  as  a  {dai-  :\ 
sible  hypothesis,  but  rests  upon  such  experimental  evidence  m 
must  shortly  insure  its  universal  reception,  and  a  modificatioB 
of  the  nomenclature  by  which  the  salts  are  designated. 

One  difficulty  which  has  long  been  felt  is  at  once  remofed 
by  it,  namely,  that  bodies  so  totally  different  in  compositions 
the  compound  of  chlorine  with  a  metal  on  the  one  hand,  and  of 
an  oxyacid  with  the  oxide  of  a  metal  on  the  other,  should  bt 
so  similar  in  properties  as  to  require  to  be  classed  together  li 
salts;  and  in  their  further  combinations  should  constitute  seriei 
of  compounds  perfectly  parallel  with  each  other,  for  it  will  be 
found  that  the  structure  of  the  two  classes  of  salts  may  k 
perfectly  assimilated  by  the  view  in  question.  . 

§  626.  Let  us  first  recall  to  our  recollection  that  the 
greater  number  of  those  bodies  which  have  been  termed  oxy* 
acids,  have  not  been  insulated,  and  that  we  are  aiupposed  to 
know  them  only  as  combined  with  water  or  a  base.  Thus,  tf 
was  noticed  when  speaking  of  its  constitution  (§  464),  nitric  acid 
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9O5  cannot  exist  alone^  and  NO5HO  constitutes  the  strongest 
3iown  acid.  So  again  with  regard  to  the  oxalic  acid  (§  497)^  the 
DUimed  crystals  contain  one  equivalent  of  water,  when  this  is 
bstacted  from  them  C  O,,  HO  this  immediately  resolved  into 
10,  CO2.  So  that  what  are  termed  the  dry  acids  cannot  be 
roved  to  exist,  although  we  suppose  them  to  enter  into  the 
imposition  both  of  the  aqueo-acids  and  their  salts. 

Again^  with  regard  to  such  compounds  as  those  which  have 
sen  described^  as  the  anhydrous  sidphuric  acid  (§  565)^  and  the 
ifajdrous  phosphoric  acid  (§  589)^  their  affinities  for  the 
lies  is  much  more  feeble  than  that  of  their  aqueo-acids^  and 
icy  even  require  a  high  temperature  to  render  them  effective. 
I  the  absence  of  all  moisture  the  anhydrous  sulphuric  acid 
HI  no  action  upon  litmus  paper^  and  these  anhydrous  com- 
mmds  certainly  do  not  manifest  acid  properties  in  a  degree  at 
1  oomparable  to  that  of  their  combinations  with  water.  The 
ihuie  acid  manifests  this  difference  in  a  very  remarkable 
nrner.  The  crystallized  acid  is  composed  of  TeOs,3  HO,  and 
may  readily  be  obtained  in  combination  with  potassa,  by 
iasolviiig  the  proper  proportions  of  the  hydrated  acid  and 
irixmate  of  potassa  together  in  hot  water.  It  loses  two  equi* 
dents  of  its  water  by  efflorescence  above  212^,  but  is  not  per* 
linendy  altered  thereby  in  its  character ;  but  at  a  heat  under 
riness  it  parts  with  all  its  water,  and  loses  its  acid  properties 
(together.  The  colourless  crystals  of  the  hydrated  acid  become 
mass  of  a  fine  orange  colour  without  losing  their  form,  and  it 
I  dien  remarkable  for  its  indifference  to  all  chemical  reagents, 
dng  completely  insoluble  in  cold  or  boiling  water,  in  hydro- 
Uoric,  and  nitric  acids,  and  in  a  strong  solution  of  potassa. 
lere  it  is  evident  that  the  acid  property  depends  entirely  upon 
he  water. 

$  627<  Now  let  us  suppose  that  in  all  these  cases  as 
n&k  the  hydro-acids,  it  is  the  hydrogen  which  constitutes  the 
pn>per  acidifying  element,  and  observe  how  close  a  parallel  may 
be  drawn  between  the  action  of  hydrochloric  acid  and  that 
of  aqueosulphuric  acid  upon  the  metal  zinc  and  its  oxide. 
Wben  hydrochloric  acid  (HCl)  acts  on  zinc,  the  metal  is 
fnolved^  and  ZnCl  is  formed,  and  hydrogen  given  off.  When 
^  same  acid  is  made  to  act  upon  oxide  of  zinc,  the  same  salt 
'  formed,  and  water  produced. 

HCl  +  ZnO  =  ZnCl,  4  HO. 

2v 
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Aqueosulphuric  acid  may  be  taken  as  HSO43  and  vhen 
brought  to  act  upon  metallic  zinc^  ZnS04  is  produced,  and 
hydrogen  evolved.  Again,  when  brought  in  contact  with  oiide 
of  zinc,  the  same  salt  results  with  water;  for 

HSO4  +  ZnO  =  ZnS04  +  HO. 

Tlie  combination  SO4  may  be  regarded  as  a  radicle  (J  531) 
capable  of  being  substituted  for  the  elementary  substances 
chlorine,  iodine,  bromine,  &c.,  or  for  an  equivalent  radide 
cyanogen  in  combination  with  hydrogen.  It  is  true  that  these 
oxygen  radicles  have  not  been  fairly  insulated,  but  this  difficohy 
is  no  greater  than  that  to  which  we  are  driven  in  the  oppoaite 
hypothesis  of  the  dry  acids,  and  we  have  other  phenomena  of 
which  the  present  view  offers  by  &r  the  most  consistnit 
explanation. 

§  628.  Thus  it  is  well  known  that  in  neutral  salts  the 
number  of  equivalents  of  acid  are  the  same  as  tlie  number  of 
equivalents  of  oxygen  in  the  base;  a  fact  which  is  wholly  iinex< 
plained  by  the  old  theory;  whereas  it  must  follow  from  the  prin- 
ciples of  the  new;  as  it  is  obvious  that  to  form  water  with  the 
oxygen  of  the  base,  an  equal  number  of  equivalents  of  hydnga 
must  be  derived  from  the  acid.  Tims  the  protoxide  of  inn, 
FeO,  requires  1  equivalent  of  aqueosulphuric  acid  to  form  the 
protosulphate  of  iron;  for 

nS04,  FeO  =  FeS04,  HO. 

But  the  sesquioxide,  FeOu,  requires  1^  equivalent  of  the  mm 
acid  to  form  the  sesquisulphate;  for 

liHS04,  FeO,j  =  Fe  1^804,  l^HO. 

Or,  to  avoid  the  appearance  of  the  half  equivalent,  it  miy  be 
represented  thus : 

3HSO4,  Fe,03  =  Fe,  3SO4,  3H0. 

So  the  protoxide  of  mercury  takes  1  equivalent  of  aquBUuiri^ 
add  to  form  the  protonitrate ;  for 

HgO  +  HN0«  =  HgNOe  +  HO; 

and  two  equivalents  of  the  same  acid  are  required  to  tatm  tfifc 
the  deutozide  the  deutonitrate ;  for 

HgO«  +  2HN0fl  :=  HgSNO«  +  8H0. 
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Tliis  is  exactly   analogous  to  the  action  of  hydrochloric  acid 
vpoQ  the  same  bases. 

§  G29.  The  oxysalts  of  ammonia  form  no  exception  to 
this  theory,  for  they  invariably  contain  1  equivalent  of  water, 
^liich  is  essential  to  their  existence.  Thus  sulphate  of  ammonia 
is  represented  upon  the  old  view  as 

SO3,  NH3,  HO, 
fcut  is  represented  on  the  binary  theory  as 

SO,,  NH,; 

^here  NH4  is  equivalent  to  a  metal,  and  will  stand  as  such  in 
iD  the  saline  comiK>unds  of  ammonia.  It  may  be  considered 
to  be  in  the  same  relation  to  the  metallic  elements  as  cyanogen 
to  tlie  non-metallic  elements  chlorine,  iodine,  &c. 

^  630.  It  will  doubtless  be  necessary  to  distinguisli  these 
dt  radicles  by  appropriate  names,  and,  for  reasons  wliich  will 
ireafter  be  pointed  out,  they  may  appropriately  be  designated 
^  the  termination  ion ;  thus,  the  radicle  of  the  sulphuric  acid 
Juld  be  oxy-sulphion ;  that  of  the  nitric  acid  oxy-nitrion,  and 
forth^  and  thus  we  should  have 

Oxjsulphion  of  hydrogen  =  Aqueo-sulphuric  acid. 

Oxysulphion  of  sodium       =  Sulphate  of  soda. 

Oxynitrion  of  hydrogen      =  Aqueo-ni trie  acid. 

Osynitriou  of  pot.issiuni     =  Nitrate  of  potassii- 

The  theory  of  salts  can  only  be  considered  at  present  as  in 
transition  state,  and  till  it  shall  have  been  perfected  it  is 
itter  to  avoid  the  inconveniences  of  a  new  nomenclature,  unless 
ben  the  theory  itself  may  be  the  su])ject  of  illustration  or 
Kussion. 

§  631.  Let  us  now  refer  (§  590)  to  the  constitution  of 
le  phosphoric  acid  and  its  three  hydrates,  the  properties  of 
Udi  we  have  found  to  diiFer  so  widely  from  the  hydrates  of 
M  mlphuric  acid,  or  any  otlier  acid  which  we  have  yet  exa- 
■ncd.  The  phosphoric  acid  combines  not  only  with  water  in 
^>ne  three  proportions,  but  each  of  the  hydrates  is  the  type  of 

of  salts,  which  it  is  capable  of  forming  with  tlie  different 

These  are  distinguished  as 

Monobasic  phosphates  =  Protobydrate 
Bibasic  phosphates  =  Deutohydrate 
Tribasic  phosphates       =r  Tritohydrate, 

a  F  2 
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the  water  contained  in  the  hydrates  being  replaced  in  a  greitar 
or  less  extent  by  ammonia  and  other  bases.  Thus  the  protiH 
hydrate  of  phosphoric  acid  combines  with  no  more  than  one^ 
and  the  deutohydrate  with  no  more  than  two  proportionfl  fl( 
soda^  although  three^  or  a  larger  nmnber  of  proportions  of  Ai 
alkali  be  added  to  it ;  the  excess  of  alkali  remains  free. 

When  a  solution  of  nitrate  of  silver  is  added  to  a  solution  of 
the  protohydrate^  a  monobasic  phosphate  of  silver  is  formed 
which  falls  in  gelatinous  flakes^  and  aggregates  together  u  i 
soft  solid  when  heated  to  near  212^. 

Its  formula  is,  AgO,  P^Os* 

The  monobasic  phosphate  of  soda  may  be  formed  by  bei^l 
the  microcosmic  salt  or  ammonio-phosphate  of  soda  to  redneft 
It  fuses  at  that  temperature^  and  on  cooling  forms  a  transpueHf 
glass^  very  soluble  in  water,  and  even  deliquescent.  Its  sohitki 
precipitates  nitrate  of  silver,  and  other  metallic  salts,  m  tb 
same  remarkable  manner  as  the  solution  of  the  protohydnte. 

Its  formula  is,  NaO,  PgO^. 

§  632.  When  the  solution  of  nitrate  of  silver  is  wM 
to  a  solution  of  the  deutohydrate  a  snow-white  precipitate  B 
formed  of  bibasic  phosphate  of  silver,  which  fuses  at  a  bw  nli 
heat  into  a  dark  brown  liquid,  which  becomes  a  crystalEtf 
enamel  on  cooling. 

Its  formula  is,  2  AgO,  P^O^. 

The  bibasic  phosphate  of  soda  may  be  formed  by  heating  t> 
redness  the  common  (or  rhombic)  phosphate  of  soda.  Wfc» 
again  dissolved  and  crystallized  it  will  be  found  to  have  dcqid 
a  prismatic  form,  and  instead  of  precipitating  nitrate  of  A* 
yellow  it  will  throw  it  down  white. 

Its  formula  is,  2  NaO,  PjO^. 

§  633.  When  a  solution  of  thetritohydrateof  phosphik 
acid  is  treated  in  the  same  way  with  nitrate  of  silver  a  precq*- 
tate  is  formed  of  a  characteristic  yellow  colour.  It  is  the  tfr 
basic  phosphate  of  silver.  It  changes  to  a  reddish-brown* 
the  application  of  heat,  but  its  original  tint  returns  on  cocJi* 
It  bears  a  red  heat  without  fusion. 

Ite  formula  is,  3  AgO,  PgO^. 
The  tribasic  phosphate  of  soda  is   made  by  adding  p** 
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solution  of  the  common  phosphate  of  soda,  until  the 
a  soapy  to  the  fingers,  an  excess  of  soda  not  being 
The  liquid  is  then  to  be  evaporated  and  crystallized. 
Forms  colourless  six-sided  slender  prisms,  which  have 
Ikaline  reagency. 

Its  formula  is,  3  NaO,  P^O^ 

34.  Now  the  constitution  of  these  tribasic  salts  is  such 
or  two  equivalents  of  the  base  may  be  replaced  by 
ling  equivalents  of  other  bases  or  water:  thus  the 
rhombic  phosphate  of  soda  is  a  tribasic  salt  in  which 
ilent  of  water  is  substituted  for  one  equivalent  of  the 
may  be  formed  by  saturating  the  impure  phosphoric 
led  from  bones  by  carbonate  of  soda. 

Its  formula  is,  2  NaOl  ^  p. 

ling  phosphoric  acid  to  the  preceding  salt,  till  it  ceases 
itate  chloride  of  barium,  a  substitution  of  another 
;  of  water  for  soda  may  be  effected  in  the  tribasic 
>ecomes  much  more  soluble  in  water,  and  it  crystal- 
difficulty  in  right  rhombic  prisms.  It  has  a  strong 
ion,   and  was  formerly  known   as  the  biphosphate 


Its  formula  is,      NaOi  p  ^ 


bring  together  one  equivalent  of  hydrochlorate  of 
and  two  equivalents  of  the  rhombic  phosphate  of 
1  being  previously  dissolved  in  a  small  quantity  of 
&ter,  crystals  will  be  formed  as  the  liquid  cools  of  a 
form.  This  salt  has  long  been  known  as  microcosmic 
s  a  tribasic  phosphate  of  soda  in  which  one  equi- 
water  and  one  equivalent  of  oxide  of  ammonium  are 
i  for  two  equivalents  of  soda. 

Its  formula  is,       NaO) 

nh^oIp.o^ 

HOJ 

>lutions  of  all  these  salts,  when  rendered  neutral  by 

give  the  same  characteristic  yellow  precipitate  with 

silver ;  indicating  that  the  acid  is  in  the  same  peculiar 

L 
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§  635.  The  Binary  Theory  of  salts  suggests  that  tlie 
three  hydrates  of  phosphoric  acid  upon  which  we  have  laid  w 
much  stress,  are^  in  fact^  three  salt  radicles  which  may  be 
represented  thus : — 

Monobasic  acid     .     PeO^  +  H. 
Bibasic  acid  ^sO^  +  H^ . 

Tribasic  acid.        .     PgOg  +  H3. 

The  formation  of  bibasic  and  tribasic  salts  must  be 
natural  consequence  of  thus  regarding  the  three  hydrates 
three  distinct  hydro-acids,  whereas  the  fact  is  quite  ano 
upon  the  old  view  of  their  constitution.  Moreover,  if  the 
acted  merely  as  a  base  to  the  phosphoric  acid,  it  is 
to  suppose  tliat  it  would  be  entirely  displaced  by  the 
bases,  and  the  bibasic  and  tribasic  phosphates  of  the 
would  be  those  least  likely  to  retain  any  portion  of  the 
water ;  but  the  reverse  is  the  fact,  and  oxide  of  silver,  a 
weak  base,  is  that  which  most  easily  and  totally  replaces  watafi 
This  is  easily  understood  upon  the  new  theory ;  for  oxide 
silver  is  one  of  those  which  are  most  easily  reduced  by  hy 
and  consequently  one  on  which  the  action  of  a  hydronrii' 
would  be  most  easily  exercised. 

We  shall  return  with  much  greater  advantage  to  this  subjed] 
when   we   shall   have   considered   the   action    of  affinity  in  1 
different  form. 


§  636.  These  three  modifications  of  the  phosphoric  adi! 
and  their  salts  stand  as  types  of  three  classes  of  acids  andffUl 
to  which  we  shall  again  have  occasion  to  refer  when  we  come  H 
treat  of  organic  chemistry.  Almost  all  the  acids  of  inoigaiiK 
chemistry  are  monobasic ;  the  arsenic  acid  being  the  only  0* 
known  which  assumes  the  tribasic  character.  The  salts  of  tl» 
arsenic  acid  run  parallel  in  everything  with  the  tribasic  ph» 
phates,  and  it  has  very  'recently  been  discovered  by  ProfcM* 
Clark  that  it  is  capable  of  assuming  either  the  monobafic  if 
bibasic  character. 

The  constitution  of  arsenic  acid  and  its  three  salts  of  vAi 
may  be  thus  represented, 

Ass05  =r  Arsenioacid. 

3NaO  +  A80O5  4-  24  HO  =  Subarseniate  rfaoda. 

2  NaO  +     HO  +  AsgO^  +  14  HO  =  Neutral  araeniate. 

NaO  +  2  HO  +  AsgO,  +  2  HO  -  Binarseniate. 
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le  quantity  of  base  is  the  same  in  all^  being  in  each  three 
dents,  made  up  partly  of  water  and  partly  of  soda. 

§  637*  Water,  or  its  elements  in  the  proportions  which 
s¥ater,  not  only  enters  thus  into  the  composition  of  acids 
i  carried  by  them  into  the  same  intimate  connexion  with 
but  enters  into  the  texture  of  the  latter  as  an  adjunct,  or 
ter  of  crystallization.     It  may  be  distinguished  from  the 
of  composition  by  the  ease  with  which  it  may  be  ex- 
1;  sometimes  spontaneously  flying  off  at  ordinary  atmo- 
ic   temperatures,    and  generally  being    expelled  at    the 
g-point  of  water.     It  has,  however,  being  shown  by  Pro- 
Graham,  that  of  this  water,  which  has  generally  been 
lered  as  water  of  crystallization,  one  portion  is  retained 
more  forcibly  than  the  other;    and  that  in  addition  to 
rater  of  crystallization,  which  may  be  removed  without 
Ty  there   is  water  which  is  essential  to  the  constitution 
e  salt,  and  may  be  replaced  by  other  bodies  when  the 
inters  into   combination.     Thus  in  the  common  crystal- 
sulphate  of  copper  there  are  five  equivalents  of  water,  of 
1  four  may  be  expelled  by  a  temperature  of  150°,  but  the 
^tbstands  a  temperature  of  300°.     The  formula  of  this  salt 
rites, 

CuO,  SO3,  HO  +  4H0. 

lie  last  four  equivalents  being  water  of  crystallization,  and 
Erst,  as  Professor  Graham  distinguishes  it,  constitutional 
\  It  is  capable  of  being  replaced  by  other  substances,  as 
nstance  sulphate  of  potassa,  giving  rise  to  a  double  salt 
e  formula  is, 

CuO,  SO3  +  KO,  SO,  +  4H0. 

§  638.  Double  salts  of  this  kind  are  generally  formed  of 
of  the  same  acid,  but  of  different  bases ;  but  this  is  not 
jrs  the  case ;  as  for  instance  a  double  salt  is  known  of  the 
ite  and  nitrate  of  lead,  and  there  are  examples,  tliough  few, 
double  salt  containing  two  acids  and  two  bases, 
n  the  salts  which  are  generally  denominated  sub-salts, 
tllic  oxides  are  supposed  to  assume  in  the  same  manner  the 
I  of  the  constitutional  water,  and  not  to  act  as  bases  to  the 
I  of  the  true  salts.  Thus  the  crystallized  nitrate  of  copper 
the  sub-nitrate  may  be  represented  as: 

CuO,  NO5  +  3  HO     Nitrate. 
HO,    NO5  +  3  CuO    Sub-nitrate. 
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The  weaker  bases  only,  such  as  water,  oxide  of  copper,  ibI 
oxide  of  lead,  are  most  disposed  to  attach  themselTes  to  salts  k 
this  manner.  The  strong  alkalies,  potassa  and  soda,  are  new 
found  in  such  a  relation,  or  discharging  any  other  functioii  tfaa 
that  of  base  to  the  acids« 
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§  639.  The  preparatory  view  which,  according  to  o* 
plan,  we  have  now  taken  of  the  most  striking  properties  c( 
different  kinds  of  matter,  both  simple  and  compound^  and  rf 
the  primary  laws  of  definite,  multiple,  and  equivalent  proptf* 
tions  which  limit  the  force  of  affinity,  and  which  we  have  fool 
maintained  in  every  case,  both  of  primary  and  secondary  oofr 
position  and  decomposition,  will  enable  us  to  proceed  to  tb 
more  complicated  phenomena  of  concurring  forces,  Somccf 
these  have  not  been  without  influence  in  the  results  whidi  fi 
have  hitherto  considered  as  produced  by  affinity  alone;  botfi 
we  were  not  previously  prepared  to  distinguish  and  appredifii 
them. 

The  forces  of  homogeneous  cohesion,  and  its  antagonist,  iv* 
pulsion^  and  the  force  of  heterogeneous  ad/iesion,  modify,  in  wtsf 
instances,  very  materially  the  action  of  affinity. 

We  will  endeavour  to  illustrate  these  interferences,  fin^ 
with  the  more  simple  cases  of  both. 

§  640.  We  have  abready  (§  428,)  adverted  to  the  W 
that  the  difficulty  of  determining  the  combination  of  cuta  - 
with  oxygen,  or  its  combustion,  increases  with  its  cohesiflB» 
from  the  easily  ignited  tinder  to  the  diamond. 

The  metals,  iron,  copper,  and  lead,  resist  the  action  of  atai^ 
spheric  air,  when  in  mass,  very  completely;  becoming  at  dio< 
only  slightly  tarnished  with  oxides;  but  in  a  disintegrated  sti^f 
they  are  acted  upon  with  great  energy,  and  often  present  fc 
phenomena  of  combustion. 

Finely-powdered  oxide  of  iron  may  be  reduced  to  4* 
metallic  state  by  placing  it  in  a  tube,  making  it  red  hot,  sdo 
passing  dry  hydrogen  gas  over  it.  When  the  metal  whid  k** 
been  thus  produced  and  allowed  to  cool,  is  suddenly  exposed  t^ 
the  air,  it  recombines  with  oxygen  and  becomes  red-hot 

When  copper  is  freshly  precipitated  from  sulphate  of  copp*' 
upon  the  surface  of  iron,  it  is  in  a  pulverulent  state,  and  wfc* 
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rashed  and  exposed  to  a  gentle  heat  to  dry^  it  will  often 
iuddenly  ignite  and  bum  into  oxide. 

^Mien  finely-divided  lead  is  prepared  by  exposing  the  salt 
iliich  it  forms  with  tartaric  acid  to  a  red  heat,  (in  which  case 
the  oxide  is  reduced  by  carbon,)  and  it  is  afterwards  exposed 
to  the  air,  it  combines  with  oxygen  with  the  extrication  of 
light  and  heat. 

Pure  alumina,  as  it  exists  in  corundum^  and  some  of  the 
Oriental  gems,  is  one  of  the  most  untractable  substances  in 
uture.  It  resists  the  action  of  all  acids,  and  is  with  very  great 
difficulty  disintegrated  by  the  repeated  action  of  potassa  at  a 
red  heat.  The  same  substance,  as  it  is  freshly  precipitated  in 
lig^t  flocks,  from  its  saline  combination  in  alum  by  carbonate 
of  potassa,  is  readily  dissolved,  either  by  solution  of  potassa,  or 
by  sulphuric  acid. 

The  counteracting  power  of  heat  upon  the  cohesion  of  solids 
piomotes  their  combination  with  other  bodies,  independently 
iif  that  exaltation  of  the  force  of  affinity  which  determines  com- 
position at  high  temperatures;  and  we  have,  on  the  contrary, 
ilready  noticed  cases  of  decomposition  from  the  mere  increase 
of  repulsive  force  in  gases  from  accession  of  heat. 

$  641.  The  mode  in  which  the  force  of  adhesion  acts  in 
liqmds  by  counteracting,  on  one  hand,  the  cohesion  of  solids, 
>nd  on  ihe  other,  the  self-repulsion  of  gases,  is  too  obvious  to 
require  further  illustration.  The  solvent  power  of  water  is 
pvticularly  useful  in  bringing  bodies  within  the  sphere  of  the 
ittnction  of  affinity;  being  a  stable  compound,  and  devoid  of 
■ny  very  active  properties,  it  does  not  often  exercise  disturbing 
inflnences  upon  the  results. 

Tie  elasticity  of  gases  may  also  be  controlled,  as  we  have 
wea  (§  88),  by  porous  solids,  and  if  a  piece  of  fresh-burned 
Anooal  be  thoroughly  saturated  with  hydrogen,  it  will  abstract 
QKJgen  firom  a  metallic  solution,  as  of  the  sulphate  of  copper, 
ttd  the  metal  will  be  reduced.  Charcoal  alone  has  no  such 
Hoi  power. 

{  642.  The  force  of  adhesion  in  solids  acts  in  a  similar^ 
hi  len  obviouB  way.  The  strong  affinities  which  the  gases 
Wtm  what  baa  been  called  their  naaeeni  9taie,  are  referribla 
"bttacanie.  If  chloride  of  silver  be  suspended  in  water,  and 
4  lUaiit  of  hydiogm  be  directed  through  the  mixture,  no 
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change  will  ensue;  but  if  some  pieces  of  zinc  be  thrown  bto 
the  liquid^  and  a  little  sulphuric  acid  added,  the  chloride  wiO 
be  decomposed,  and  the  silver  thrown  down.  The  hydrogen, 
on  its  first  extrication,  is  momentarily  coerced  by  the  force  rf 
adhesion  on  the  surface  of  the  zinc,  and  has  time  to  exert  h 
superior  attraction  for  the  chlorine. 

If  a  perfectly  clean  plate  of  platinum  be  introduced  into  t 
long  tube  filled  over  pure  water,  with  oxygen,  and  hydrogen 
in  the  proper  proportions  to  form  water,  combination  will 
begin  slowly  to  take  place,  and  the  water  will  rise  in  the  tnbei 
The  platinum  will  become  warmed  by  the  heat  evolved,  whei 
the  combination  \i411  proceed  more  rapidly,  and  the  metal  wil 
ultimately  become  red-hot,  and  explode  the  remainder  of  the 
gases.  The  force  of  adhesion  of  the  gas  to  the  metal  suspendi, 
upon  its  surface,  the  self-repulsive  force  of  die  similar  partidei 
of  each  gas,  and  brings  them  within  the  influence  of  the  mutoil 
affinity  of  their  dissimilar  particles;  the  combination  thus  com- 
menced, proceeds  with  greater  activity  as  the  affinity  beoomei 
exalted  by  the  heat. 

When  the  metal  is  in  a  disintegrated,  or  spongy  forni,i 
exposes  a  larger  surface  to  the  action  of  the  gases,  and  becomei 
proportionately  more  active;  this  property  has  been  applied 
in  the  construction  of  an  instantaneous-light  machine,  in  whidi 
a  stream  of  hydrogen,  thrown  through  the  air  upon  a  smdl 
quantity  of  spongy  platinum,  becomes  ignited  by  the  inctt- 
descent  metal. 

§  643.  Many  other  compositions,  decompositions,  vA 
recompositions  may  be  determined  by  the  same  means. 

Ammonia,  or  any  of  its  salts,  when  mixed  with  atmospheftf 
air,  is  decomposed  when  passed,  at  a  temperature  of  about  5jt 
Fahrenheit,  over  spongy  platinum,  and  the  nitrogen  wtiA  i 
contains  is  completely  converted  into  nitric  acid  by  combinatioi 
with  the  oxygen  of  the  air. 

On  the  other  hand,  when  the  oxides  of  nitrogen  or  nitric 
acid  are  mixed  with  a  sufficient  quantity  of  hydrogen  gas,  Aej 
are  converted  into  ammonia  by  contact  with  spongy  platiniuih 
and  frequently  without  the  assistance  of  heat.  The  action  ii 
often  so  energetic  that,  if  caution  be  not  used,  violent  explosioD 
ensues.     An  excess  of  nitric  acid  gives  nitrate  of  ammonia. 

In  the  same  way,  cyanogen  and  hydrogen  give  hfit^ 
cyanate  of  ammonia.     A  mixture  of  olefiant  gas  and  dentctfiii^ 
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of  nitrogen  in  excess  when  hot^  and  passed  over  spongy  plati- 
num, produces  carbonate  and  hydrocyanate  of  ammonia  and 
vater;  and  the  vapours  of  acetic  acid  mixed  with  hydrogen, 
may  be  totally  converted  into  acetic  ether  and  water  at  a  mode- 
rate temperature. 

A  mixture  of  sulphurous  acid  and  common  air  may  also  be 
converted  into  sulphuric  acid  by  blowing  it  over  spongy  plati- 
num, or  balls  of  platinum  wire,  placed  in  a  tube  and  maintained 
at  a  high  temperature.  The  process  has  even  l^een  proposed 
for  manufacturing  purposes.  The  vapours  of  sulphuric  acid 
Aus  fonncd,  mixed  with  nitrogen,  are  condensed  in  a  long 
upright  vessel  of  lead  filled  with  pebbles  kept  moist  by  a  small 
stream  of  water. 

5  G44.  Platinum,  precipitated  from  its  combination  with 
niphuric  acid  by  boiling  in  alcohol,  is  used  in  Germany  upon 
a  large  scale  for  the  purpose  of  manufacturing  acetic  acid  from 
alcohol  upon  this  principle. 

Dishes  of  earthenware  or  wood  are  placed  in  rows  upon 
shelves,  over  each  other,  in  a  large  case.  A  portion  of  the 
black  platinum  powder,  moistened,  is  suspended  over  each  dish, 
ftnd  as  much  vinous  spirit  put  into  them  as  the  oxygen  of  the 
included  air  may  be  adequate  to  acidify.  In  this  way  1000 
cubic  inches  of  air  can  oxygenate  110  grains  of  anhydrous 
alcohol,  converting  them  into  122  grains  of  pure  acetic  acid  and 
^  grains  of  water.  The  apparatus  is  set  in  a  light  place  at  a 
temperature  of  from  68°  to  86°  Fahrenheit,  and  the  evaporation 
rf  the  spirit  is  promoted  by  hanging  several  leaves  of  porous 
piper  in  the  case,  with  their  lower  edges  dipped  in  the  spirit. 
11^  action  is  manifested  by  an  increase  of  temperature  and  a 
pneration  of  acid  vapours,  which  condensing  on* the  sides  of 
Ac  oase^  trickle  down  in  streams  to  the  bottom.  When  the 
Qjgen  has  been  all  consumed,  the  process  may  be  renewed  by 
^foning  the  case  a  little,  and  replenishing  it  with  air. 

With  from  7  to  8  ounces  of  the  platinum  powder  in  a  box 
tf  12  cubic  feet  capacity,  one  pound  of  alcohol  may  thus  be 
Averted  in  a  day  into  pure  acetic  acid.  The  platinum  j^owder 
^  not  waste  or  become  deteriorated  by  the  process. 


§645.  An 
"^deiteojdiiB  property 


vj  diiB  property  of  spongy  platinum,  and  pellets  corn- 
day  and  findy-divided  platinum  are  very  conveniently 


§  646.  It  is  probable  th&t  the  concurrence  of 
of  adhesion  with  affinity  determines  the  combinatic 
nitrogen  and  oxygen  of  the  atmoapherej  and  the  for 
nitre  and  other  salts  of  the  nitric  acid,  which  efBoresce 
ance  upon  certain  soils  which  contain  potassa  and  oi 
in  sufhcient  abundance }  and  we  trace  the  same  kind 
in  the  formation  of  crystals  of  sulphate  of  ammonia 
glass  windows  which  are  exposed  to  the  action  of 
impregnated  atmosphere  of  oar  metropolis. 

According  to  Liebig,  when  a  moist  azotized  sul 
exposed  to  the  action  of  the  air  ammonia  is  always  en 
nitric  acid  never  formed ;  but  when  alkalies  or  othei 
bases  are  present  a  union  of  nitrogen  and  oxygen  takei 

§  647-  Numerous  focts  show  that  motion  or  n 
force  alone  may  exercise  a  considerable  influence  upon 
attraction.  A  number  of  bodies  may  be  kept  toge 
system  of  unstable  equiUbrium  when  in  a  state  of  pe 
but  when  their  inertia  is  overcome  by  agitation  they 
into  more  permanent  combinations  under  the  power  o 
Thus,  if  we  add  a  solution  of  tartaric  acid  in  excess  to  t 
of  potassa,  the  acid  and  alkali  will  remain  in  solution 
till  we  agitate  the  mixture,  when  crystals  of  bita 
potassa  will  immediately  begin  to  precipitate. 

Again,  if  with  a  drop  of  solution  of  sulphate  of 
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*  into  combination  or  to  suffer  decomposition.  Thus  an 
silver  and  platinum  may  be  wholly  dissolved  in  nitric 
le  platinum  acquiring  the  property  of  decomposing  nitric 
contact  with  silver  in  the  act  of  oxidation, 
in,  copper  alone  is  not  acted  upon  by  dilute  sulphuric 
it  an  alloy  of  copper,  zinc,  and  nickel  is  readily  dissolved 

lethod  has  lately  been  discovered  of  facilitating  the  evo- 
of  oxygen  from  chlorate  of  potassa  by  heat,  which  is 
ly  dependent  upon  the  same  principle.  For  this  purpose 
3rate  is  mixed  with  some  peroxide  of  manganese  in  a 
3tort,  and  the  heat  of  a  spirit  lamp  cautiously  applied. 
1  begins  to  pass  over  at  a  very  moderate  temperature, 
the  process  be  not  cautiously  carried  on,  even  with 
ve  violence ;  nothing  but  chloride  of  potassium  and  per- 
f  manganese  will  remain  in  the  retort. 

§  648.  The  play  of  concurrent  forces  is  curiously  illus- 
in  the  actions  and  reactions  of  solutions  of  acids  and 
upon  salts,  and  of  salts  in  solution  upon  each  other, 
re  often  of  the  most  complicated  kind,  and  the  conditions 
final  equilibrium  not  easy  to  develop, 
jarding  the  matter  in  a  general  point  of  view,  when  upon 
or  a  compound  of  an  acid  and  a  base,  we  pour  another 
le  base  must  be  considered  as  divided  between  the  two  : 

have  two  salts  and  two  free  acids  in  solution.  Thus, 
:ake  a  solution  of  phosphate  of  soda  and  pour  upon  it 
ric  acid,  we  shall  have  sulphate  of  soda  and  phosphate  of 
nd  sulphuric  acid  and  phosphoric  acid^  all  in  solution,  in 
nknown  proportions,  dependent  upon  the  strength  of  the 
I  attractive   forces.     Nothing  in   this  case  happens   to 

the  change  which  has  taken  place  apparent.  If,  how- 
re  pour  muriatic  acid  upon  a  solution  of  sulphate  of 
,  chloride  of  copper  is  formed,  and  sulphuric  acid  set 
nd  all  the  agents  remain  in  solution  as  before;  but  in 
se  the  formation  of  the  chloride  of  copper  is  indicated  by 
mge  of  the  colour  of  the  solution  from  blue,  the  colour  of 
te  of  copper,  to  green,  the  colour  of  chloride  of  copper. 

perfect  decomposition  of  the  original  salt  can  thus  be 
i ;  for  whatever  excess  of  the  second  acid  may  be  added^ 
ber  which  is  disengaged  remains  within  the  sphere  of 
ive  influence,  and  each  opposes  the  action  of  the  other 


446     INFLUENCE  OF  COHESION  AND  ELASnCITY. 

upon  the  base  which  is  thus  divided  between  the  two.  But  if 
cohesion  or  elasticity  in  any  of  the  products  of  the  openitioQ 
should  prevail  over  the  adhesive  force  of  the  solvent,  whick 
keeps  them  in  presence  of  each  other,  complete  decompositin 
will  be  the  consequence  of  the  abstraction  of  one  of  the  acdve 
bodies  from  the  field  of  action.  Thus,  when  sulphuric  add  ii 
made  to  act  upon  carbonate  of  soda,  the  carbonic  acid  flies  of 
in  the  gaseous  state,  and  is  completely  displaced  from  the  sodi 
by  the  sulphuric  acid :  or  when  sulphuric  acid  is  poured  into 
solution  of  nitrate  of  baryta,  complete  decomposition  ensaa^ 
because  the  cohesion  df  the  sulphate  of  baryta  which  is  fonned 
prevails  over  the  solvent  power  of  the  water,  and  the  precqi- 
tation  of  the  salt  annihilates  the  influence  of  its  constituents. 

This  ascendency  of  elasticity  or  cohesion,  which  occasions 
entire  decomposition,  may  be  determined  by  changes  of  temp^ 
rature,  in  circumstances  where  it  does  not  previously  exist 
When  sulphuric  acid  is  poured  upon  dry  chloride  of  sodimiiy 
muriatic  acid  flies  off,  and  nothing  but  sulphate  of  soda  remains; 
when  on  the  other  hand,  it  is  poured  into  a  solution  of  the  sak 
in  water,  partial  decomposition  only  ensues ;  chloride  of  sodioOy 
sulphate  of  soda,  sulphuric  and  muriatic  acids,  all  remain  in 
solution  together ;  but  if  heat  be  applied,  muriatic  acid  passes 
off  with  the  vapour  of  water,  and  the  decomposition  is  com- 
plete. Again  :  let  sulphuric  acid  be  poured  into  a  hot  solutkn 
of  nitrate  of  potassa ;  while  hot,  the  two  salts  and  the  two  free 
acids  will  remain  in  solution  together ;  but  upon  cooling  tk 
mixture,  the  sulphate  of  potassa  will  crystallize,  and  the  whole 
of  the  nitre  may  be  decomposed. 

We  have  just  alluded  to  the  result  of  adding  sulphuric  add 
to  a  solution  of  phosphate  of  soda ;  it  is  exactly  the  same  wbet 
we  add  phosphoric  acid  to  sulphate  of  soda ;  a  partition  of  die 
base  takes  place :  but  if  we  evaporate  the  solution,  and  raise 
the  temperature  to  above  600°,  phosphate  of  soda  will  alone 
remain;  because  at  this  high  temperature  the  phosphoric  add 
is  fixed,  while  the  sulphuric  acid  passes  off  in  vapour. 

§  649.  Similar  phenomena  attend  the  presence  of  two 
bases  in  solution  with  an  acid.  If  to  the  solution  of  a  salt  in 
water  we  add  another  base,  the  acid  will  be  divided  between 
the  two.  When  to  a  solution  of  nitrate  of  baryta,  for  exampfe 
we  add  a  solution  of  caustic  potassa,  nitrate  of  potassa,  and 
nitrate   of  baryta,   and  free  baryta  and  potassa,  exist  in  the 
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;  but  as  the  baryta  is  less  soluble  than  the  potassa  it 
pradually  precipitated^  and  complete  decomposition  will 
inless  there  be  water  enough  to  hold  the  whole  in 
• 

solution  of  muriate  of  ammonia,  add  cream  of  lime ; 
lecomposition  of  the  muriate  will  take  place,  and  free 
a  may  easily  be  detected  in  the  solution :  heat  the  mix- 
d  the  lime  will  totally  displace  the  ammonia ;  because, 
itter  is  liberated,  it  instantly  passes  off  with  the  vapour 
ater. 

same  kind  of  adjustment  between  acids  and  bases  takes 
len  the  solutions  of  two  salts  are  mixed  together ;  and 
ts  will  exist  in  the  solution,  if  no  precipitation  takes 
Thus,  on  mixing  solution  of  sulphate  of  copper  and 

of  sodium,  we  know  that  chloride  of  copper  is  formed, 
;hange  of  colour  from  blue  to  green,  and  consequently 

equivalent  quantity  of  sulphate  of  soda  must  also  be 
But  this  can  be  more  satisfactorily  shown  by  mixing 
'  solutions  of  acetate  of  soda  or  acetate  of  alumina  and 
phate  of  iron ;  sulphuretted  hydrogen  passed  through 
tion  of  the  latter  salt  alone  will  produce  no  effect,  but 
ixture  sulphuret  of  iron  will  be  precipitated  from  its 
pon  acetate  of  iron  which  is  thus  proved  to  have  been 
in  the  mixture. 

irhat  extent  this  change  takes  place,  we  do  not  know ; 
are  unacquainted  with  the  relative  force  of  attraction 

the  several  principles.  Thus,  when  two  acids  and  two 
eet  together  in  equivalent  proportions,  we  conclude  that 
d  unites  with  equivalent  proportions  of  both  bases,  and 
ts  are  contained  in  the  solution ;  three  acids  and  three 
I  like  manner  give  rise  to  nine  salts,  and  four  and  four 
»n, 
or  example,  we  add  together  solutions,  containing : — 


Nitric  acid 

Potassa    .... 

Soda        .... 

.      54      „ 
.      48      „ 
.      32      „ 

Total      . 

.     174      „ 

lolutions,  containing : — 

Sulphate  of  soda 
Nitrate  of  potassa 

72  parts. 
.     102      „ 

Total 

.    174     ., 
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Sulphate  of  soda 
Sulphate  of  potassa 
Nitrate  of  soda 
Nitrate  of  potassa 

Total 


36  parts. 
44     „ 
43     „ 
51     „ 


174     „ 


the  final  result  will  be  the  same.  The  last  four  salts  w 
exist  in  the  solution,  in  some  proportion  dependent  upo 
relative  force  of  the  attractions  which  is  unknown. 

But,  if  we  now  concentrate  the  solution  by  evaporatioi 
sulphate  of  potassa  will  be  the  first  to  crystallize,  owing ' 
ascendency  of  its  cohesive  force ;  a  new  partition  of  acid 
bases  will  take  place  between  the  nitrate  of  potassa  and  sul 
of  soda,  and  in  this  way  the  mixture  will  be  entirely  re 

into : — 

Sulphate  of  potassa  ...       88 

Nitrate  of  soda       ....       86 

Total       .  .  174 

§  650.  It  is  thus  that  many  cases  of,  what  would  a 
appear  to  be,  double  elective  affinity,  may  be  explained; 
depend  very  often  upon  the  forces  of  cohesion  and  adb 
rather  than  upon  the  simple  relation  of  the  affinities  0 
different  acids  and  bases  concerned:  and  with  an  aa 
knowledge  of  the  relative  solubility  of  the  different  sail 
their  relative  attraction  for  water,  we  may  always  anticipal 
decompositions  which  will  follow  upon  mixing  their  sdu 
If,  by  a  mutual  exchange  of  their  acids  and  bases,  a  salt  c 
formed  of  less  solubility  than  the  others,  double  decompo! 
will  certainly  take  place,  and  the  less  soluble  salt  wUl  be 
cipitated,  unless  there  should  be  sufficient  of  the  liquid  pr 
to  take  it  up.  Thus,  upon  adding  sulphate  of  soda  to  nitn 
baryta,  we  know  that  sulphate  of  baryta  and  nitrate  of 
will  result ;  sulphates  of  soda  and  baryta,  and  nitrates  of 
and  baryta,  will  all  be  formed  at  first,  but  the  sulphate  of  b 
will  be  at  once  withdrawn  from  the  sphere  of  action  by  pn 
tation.  The  originally  formed  nitrates  of  soda  and  baryta, 
sulphate  of  soda,  will  momentarily  be  left;  but  a  fresh  am 
ment  and  balance  must  take  place :  another  portion  of  svif 
of  baryta  must  be  formed,  by  the  reaction  of  the  sulphate  of 
and  nitrate  of  baryta,  and  will  again  precipitate ;  till  the  1 
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he  sulphuric  acid  and  baryta  are  thus  withdrawn^  and  nothing 
ains  in  solution  but  nitrate  of  soda. 

§  651.  This  partition  of  a  substance  between  two  active 
ities^  and  the  concurrence  of  extraneous  forces  in  producing 
nical  results^  may  be  exemplified  in  primary  combinations 
ell  as  secondary. 

IVhen  a  current  of  vapour  of  water  is  passed  over  red-hot 
,  the  water  is  decomposed^  oxide  of  iron  is  formed^  and 
t)gen  gas  evolved.  On  the  other  hand^  when  hydrogen 
is  passed  in  a  continuous  stream  over  red-hot  oxide  of 
water  is  formed^  and  metallic  iron  produced.  Here^  if  we 
into  account  the  mere  force  of  affinity,  the  facts  appear  to 
^ntradictory.  In  the  first,  the  affinity  of  iron  for  oxygen, 
red  beat,  appears  to  be  greater  than  that  of  hydrogen — in 
second  less:  but  they  may  be  thus  explained: — when 
ogen  gas  comes  in  contact  with  the  oxide  of  iron^  the 
;en  divides  itself  between  the  hydrogen  and  the  iron,  in 
5  proportion  dependent  upon  the  relative  force  of  the  two 
ities.  The  quantity  of  water  thus  formed  between  the  first 
ions,  although  possibly  small,  is  immediately  carried  out  of 
iphere  of  action  by  its  own  elastic  force,  or  by  the  continued 
snt  of  hydrogen,  and  a  similar  partition  takes  place  between 
essive  portions,  till  the  whole  of  the  oxygen  is  ultimately 
racted  from  the  iron.  A  similar  partition  takes  place  when 
na  is  passed  over  the  iron,  and  the  disengaged  hydrogen 
ig  off  ceases  to  exert  its  attractive  force  upon  the  oxygen, 
ii  becomes  fixed  by  its  combination  with  the  iron. 
Similar  instances  abound  amongst  the  operations  of  che* 
Ty :  but  one  more  of  an  exactly  parallel  case  of  secondary 
ity  will  complete  our  illustrations.  By  passing  a  current  of 
huretted  hydrogen  over  bicarbonate  of  potassa,  the  carbonic 
will  be  gradually  displaced,  and  total  decomposition  Mrill  ulti- 
dy  be  effected:  on  the  other  hand  a  current  of  carbonic 
gas  passed  through  hydrosulphuret  of  potassa  will  displace 
hydrosulphuric  acid  by  successive  portions.  It  must, 
ever^  be  remarked,  that  such  decompositions  require  quanti- 
of  the  displacing  agent  far  greater  than  w  ould  be  necessary 
iturate  the  base,  or  combine  with  the  element. 

§  652.    It  must  not,  however,  be  inferred  from  these 

nrvations  that  decompositions  never  take  place  from  the 

2g 
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simple  action  of  pure  elective  affinity ;  it  would  not  be  easy  to 
select  many  cases  which  would  be  entirely  free  from  the  influence 
of  concurrent  forces,  but  a  striking  instance  of  it  may  be  pre- 
sented in  the  action  of  chlorine  and  hydriodic  acid,  both  in 
the  gaseous  state.  When  the  two  gases  are  mixed,  the  cUonne 
abstracts  the  hydrogen  from  the  hydriodic  acid,  and  the  iodine 
makes  its  appearance  as  a  purple  vapour. 

§  653.  With  regard  to  solutions,  the  phenomena  must  of 
course  vary  with  the  nature  of  the  solvent.  Thus,  carbonate  rf 
baryta  is  readily  decomposed  by  dilute  nitric  acid;  carbonie 
acid  makes  its  escape,  and  nitrate  of  baryta  remains  in  solatjon: 
but  strong  nitric  acid  will  not  decompose  the  carbonate,  became 
nitrate  of  baryta  is  not  soluble  in  the  concentrated  acid. 

It  is  not  easy  to  bring  other  solvents  into  comparison  witk 
water;  for  they  are  mostly  endued  with  strong  chemical  affinities 
in  addition  to  the  force  of  adhesion  which  they  exert  upon  the 
saline  compounds.  Muriatic  acid  gas  dissolved  in  anhydioai 
alcohol  will  not  decompose  carbonate  of  potassa,  although  i 
will  act  upon  the  carbonates  of  baryta,  lime  and  soda. 

Nitric   acid   mixed  with   pure   alcohol  wUl   not  act  qwa 
carbonate  of  potassa.     Tartaric  acid  in  alcohol,  will  decompoie  '■ 
no  carbonate. 

Oxalic  acid  dissolved  in  the  same  way,  will  decompose  the 
carbonates  of  magnesia,  strontia  and  baryta,  but  not  the  carbon- 
ates of  lime  and  potassa. 

It  would  be  difficult  perhaps  to  determine  whether  in  theie 
cases  the  hydrocarbon  of  the  alcohol  acts  as  a  base,  or  whether, 
which  is  the  most  probable,  the  difference  depends  upon  the 
differences  of  solubility  of  the  different  secondary  compoundi* 
the  solvent  employed.  In  all  such  instances  it  is  clear  tfaatyS 
estimating  the  play  of  forces,  the  forces  of  cohesion  and  adbesMW 
must  be  taken  into  accoimt. 

§  654.  We  have  already  alluded  to  the  concurrence » 
heat  in  chemical  phenomena,  and  distinguished  its  two  functit^ 
of  acting,  first,  simply  as  a  repulsive  force  opposed  to  cohesiift 
or  the  attraction  of  homogeneous  substances;  and,  secondty?" 
exalting  the  mutual  affinities  of  heterogeneous  substances.  1^ 
latter  is  by  far  the  most  interesting,  but  stands  most  in  need* 
further  elucidation. 

Different  degrees  of  heat  are  required  to  determine  the  coi»" 
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bination  of  different  bodies^  and  different  degrees  of  heat  will 
determine  the  same  bodies  to  combine  together  in  different 
proportions.  Thus^  when  a  mixture  of  the  vapour  of  ether  and 
common  air  is  exposed  to  a  white  heat^  or  the  temperature  of 
flame,  it  bursts  into  flame^  and  the  products  are  water  and 
carbonic  acid^  and  possibly  some  free  carbon :  but  if  the  same 
mixture  be  exposed  merely  to  a  red  heat,  as  by  immersing  in  it 
a  coil  of  platinum  wire  heated  to  that  temperature,  combination 
takes  place  without  flame,  and  a  powerful  pungent  acid  vapour 
is  generated,  which  has  been  called  the  lampic  acid,  and  which 
may  l)e  condensed  into  a  liquid  by  cold.  It  is  probably  a  mix- 
ture of  acetic  and  acetous  acids,  in  the  latter  of  which  the  carbon 
tnd  hydrogen  are  not  fully  oxidated,  and  which  has  so  strong 
a  remaining  affinity  for  oxygen,  that  it  will  take  it  from  certain 
oxides  of  the  metals  in  saline  combination,  and  reduce  the  metal. 
WTien  a  mixture,  again,  is  made  of  cyanogen  and  oxygen, 
and  exposed  to  the  action  of  flame  or  of  an  electric  spark,  the 
carbon  is  converted  into  carbonic  acid,  and  the  nitrogen  dis- 
engaged ;  but  by  the  influence  of  red-hot  platinum  carbonic 
acid  is  produced,  and  deutoxide  of  nitrogen,  which  is  imme- 
diately distinguished  by  the  red  vapours  which  it  forms  with  a 
portion  of  the  uncombined  oxygen.  The  different  products  of 
the  slow  and  rapid  combustion  of  phosphorus  are  also  instances 
of  the  same  modified  action.  It  is  remarkable  that  both  the 
processes  of  slow  combustion  and  rapid  inflammation  disengage 
exactly  the  amount  of  heat  which  is  necessary  to  the  respective 
nudntenance  of  each. 

§  655.  It  is  probable  that  something  like  the  law  of 
oudtiple  proportions  may  be  maintained  in  the  quantities  of 
Int  which  are  erolved  by  different  bodies  during  the  act  of 
coobastion. 

According  to  recent  experiments  the  same  quantity  of  ice  is 
lodted  when  100  parts  of  oxygen  combine  with  carbon  to  form 
cvfaonic  acid  as  when  they  combine  with  hydrogen  to  form 
vHer.  The  same  result  is  also  obtained  when  an  equal  quantity 
rfgM  is  consumed  in  the  combustion  of  wood,  wax,  rosin,  and 
doohol:  bat  when  an  equal  quantity  enters  into  combination 
Witti  pbosphoms,  to  fonn  phosphoric  acid,  a  double  quantity  of 
ittisindted. 

I  656.  It  is  wordiy  of  remark,  that  the  combinations 

202 
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which  take  place  with  the  most  energetic  development  of  heit 
and  light,  when  the  elements  act  upon  one  another  directly, 
result  quietly  and  with  but  little  accession  of  temperature  when 
they  are  formed  by  double  decomposition^  or  even  by  the  angle 
substitution  of  one  body  for  another  in  a  compound.  The  moit 
concentrated  artificial  heat  with  which  we  are  acquainted  is  that 
which  arises  from  the  combination  of  oxygen  and  hydrogen ;  but 
when  the  two  elements  separate  from  their  combinations  witl 
sulphur  by  elective  affinity,  they  unite  without  any  of  the  phfr 
nomena  of  combustion ;  and  when  sulphuretted  hydrc^n  and 
sulphurous  acid  are  mixed  together,  the  sulphur  of  both  b  pr^ 
cipitated,  and  water  formed,  without  the  evolution  of  heat  I» 
the  same  quiet  way  chlorine  may  be  substituted  for  sulphw, 
or  iodine  or  bromine  in  combination  with  hydrogen. 

§  657.  We  have  seen  that  matter  of  different  kinds,- 
of  different  chemical  composition,  and  of  different  mechanical 
structure, — exerts  a  powerful  action  upon  light  and  radiant  heat, 
and  from  the  general  principles  of  action  and  reaction  we  mig^t 
be  led  to  expect  that  these  radiant  forces  would  not  be  without 
an  influence  upon  the  structure  and  composition  of  matter. 

Accordingly  we  find  that  light  is  capable  of  acting  upon  and 
directing  homogeneous  attraction,  and  of  influencing  the  crystal- 
lization of  certain  substances.  Evidence  of  this  may  very  com- 
monly be  found  in  druggists'  shops ;  where,  in  the  glass  jan 
which  contain  camphor,  and  are  placed  in  the  windows,  heao- 
tiful  crystals  may  generally  be  seen  attached  to  the  sides  4c 
nearest  to  the  light.  Many  other  substances  which  are  capabk 
of  the  same  kind  of  sublimation  exhibit  the  same  phenomena 
in  their  solidification. 

M.  Chaptal  first  made  the  observation  that,  when  a  nninbtf 
of  capillary  crystals  shoot  up  the  sides  of  a  glass  vessel  contain- 
ing a  saline  solution,  they  attach  themselves  orJy  to  that  side » 
the  vessel  which  is  most  strongly  illuminated.  He  was  tho^ 
able  to  cause  crystals  to  form  on  any  selected  side;  and  of 
plachig  a  screen  before  the  vessel,  he  found  that  the  6|* 
between  light  and  darkness  was  distinctly  marked  by  the  fij"^ 
of  crystallization.  This  result  is  most  readily  obtained  vith  tW 
metallic  salts. 

§  658.  Light  and  radiant  heat  exert,  also^  a  very  marl^ 
and    sometimes    energetic,    influence  upon   chemical  affinitfJ 
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Jtcnnining  the  combination  of  some  bodies^  and  the  decompo- 
tion  of  others.  If  a  piece  of  silk  be  dipped  in  a  solution  of 
iloride  of  gold^  and  kept  moist  and  exposed  to  the  rays  of  the 
in,  it  will  gradually  change  from  yellow  to  green,  and  tlien  to 
irple ;  spangles  of  gold  will  make  their  appearance  upon  it, 
id  at  the  expiration  of  an  hour  it  will  be  entirely  covered  with 
film  of  metallic  gold.  Professor  Seebeck  steeped  a  piece  of 
Ltering  paper  in  a  moderately-strong  solution  of  gold,  and, 
iitting  it  in  three  pieces,  he  placed  one  in  a  dark  place ;  the 
ccond  he  exposed  to  the  rays  of  the  sun,  but  placed  it  also  in 
dark  place  ])efore  it  had  undergone  any  change ;  the  third  he 
exposed  fully  to  the  sun.  ITie  first  underwent  no  change 
xrhatever,  while  both  the  second  and  the  third  had  the  gold 
equally  reduced  upon  them. 

A  solution  of  nitrate  of  silver  in  contact  with  organic  matter 
undergoes  similar  changes  by  exposure  to  strong  light.  If  a 
piece  of  paper  be  moistened  with  nitrate  of  silver,  and  exposed 
to  the  beams  of  the  sun,  a  very  few  minutes  are  sufficient  to 
chaT\ge  the  colour  to  almost  black :  an  effect  which  is  well 
known  from  its  application  as  an  indelible  ink  for  marking 
linen. 

Chloride  of  silver  retains  its  snow-white  colour  and  lustre  if 
carefully  excluded  from  the  light ;  but  if  exposed  to  the  sun, 
the  concentrated  light  of  lime  in  the  flame  of  the  oxyhydrogen 
blowpipe,  the  flame  of  the  voltaic  battery,  or  even  to  the  dif- 
fased  white  light  of  the  clouds,  speedily  turns  to  a  purplish 
black  colour.  This  is  owing  to  the  decomposition  of  water, 
and  the  formation  of  muriatic  acid  and  oxide  of  silver. 

That  these  effects  arise  from  the  agency  of  the  radiant 
^ntes  alone,  and  not  from  the  influence  of  mere  exalted  tem- 
perature, has  been  proved  by  inclosing  the  several  substances 
>u  glasses  covered  with  black  paint,  and  exposing  them  to  the 
son;  in  which  case  they  became  very  hot,  but  even  after  several 
^  no  chemical  effect  was  produced. 

I  659.  Many  years  ago  it  was  proposed  by  Mr.  Wedg- 
v^  and  Sir  Humphry  Davy  to  apply  this  chemical  influence 
^  ^t  to  the  tracing  of  objects  by  means  of  their  shadows,  or 
te  the  copying  of  drawings  by  the  agency  of  tlie  light  trana- 
*>>tted  through  them  in  different  degrees.  They  succeeded  in 
"♦■ming  Buch  tradngs  by  means  of  paper  prepared  with  nitrate 
^dikffUe  of  nlver;  but  they  failed  in  their  attempte  to  fix 
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them  in  snch  a  way  as  to  render  them  afterwards  unchangeable 
in  the  light.     Mr.  Fox  Talbot  has  lately  attained  this  object  in 
the  most  perfect  manner,  and  is  become  the  inventor  of  one  of 
the  most  beautiful  arts  which  ever  arose  from  the  application  of 
scientific  principles,  and  to  which  he  has  given  the  name  of 
calotype.     By  placing  prepared  paper  in  a  small  camera-obscura, 
he  lias  been  enabled,  in  a  few  minutes,  to  obtain  most  perfect, 
but  extremely  small,  pictures, — such  as,  without  great  stretch  of 
imagination,  might  be  supposed  to  be  the  work  of  some  Lilli- 
putian artists.     Tliey  require,  indeed,  examination  with  a  lens 
to  discover  all  their  minutiae.     Portraits  of  inimitable  fidelity 
are  thus  produced  in  a   few  seconds  of  time :  engravings  and 
sculpture  may  be  copied  with  the  utmost  fidelity,  and  the  pn>- 
cess  is  applicable  to  a  variety  of  useful  purposes,  such  as  the 
delineation  of  objects  in  the  solar  microscope,  &c. 

The  photographic  paper  may  be  made  by  dipping  fine  ^Titing 
paper  of  good  quality  into  a  weak  solution  of  common  salt, 
taking  care  to  distribute  it  equally  through  its  substance,  and 
then  wiping  it  dry.  A  weak  solution  of  nitrate  of  silver  is  then 
spread  upon  one  surface  only  and  dried  at  the  fire.  A  stiD 
more  sensitive  paper  is  produced  by  washing  the  paper  otct 
with  nitrate  of  silver  in  the  first  place,  then  with  bromide  of 
potassium,  and  aftenvards  again  with  nitrate  of  silver ;  drying  it 
at  the  fire  after  each  operation.  This  paper  is  very  sensitive  to 
the  light  of  the  clouds,  and  even  to  the  feeblest  daylight. 

The  mode  of  fixing  and  preserving  the  images  formed  upon 
this  paper  depends  upon  the  application  of  some  liquid  capabk 
of  dissolving  and  washing  off  the  unchanged  salt,  but  kiriag 
the  reduced  silver  untouched.  These  conditions  are  best  fulfilled 
by  the  liquid  hyposulphites ;  but  various  other  agents  may  k 
used,  such  as  ammonia,  solution  of  ferrocyanide  of  potunim 
of  common  salt,  and  even  pure  water. 

A  process  of  the  same  nature  had  previously  been  invented 
in  France  by  M.  Niepce.  He  dissolved  asphaltum  in  o3  rf 
lavender,  and  thus  produced  a  thick  varnish,  with  whid  k 
covered  the  surface  of  a  polished  metallic  plate.  The  j^ 
after  having  been  subjected  to  a  moderate  heat,  was  ooftn' 
with  a  whitish  adhesive  coat,  which  was  the  bitumen  in  p0«^< 
It  was  then  placed  in  the  focus  of  the  camera  obaein%  tf' 
after  some  time  fiEunt  traces  of  the  image  were  peroepdUB* 
the  powder.  These  lines  were  strengthened  by  phu^piv  Ai 
plate  into  a  mixture  of  oil  of  lavender  and  petrokiiiB.   ApA 
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kits  of  the  surface  as  had  been  exposed  to  tlie  light  remained 
:arly  intact^  while  the  powder  on  the  other  parts  rapidly 
^solved,  and  even  left  the  metal  bare.  A  picture  was  thus 
btiuned  in  which  the  lights  corresponded  to  the  lights,  and  the 
ladows  to  the  shadows.  The  half  tints  resulted  from  that  part 
f  the  varnish  which  a  partial  penetration  of  the  solution  had 
endered  less  dense  than  the  other  parts. 

This  process  is  particularly  interesting  in  a  scientific  point 
af  view,  as  indicating  an  action  of  light  upon  the  molecular 
urangement,  rather  than  upon  the  chemical  affinity  of  the 
bocties  affected.  For  it  is  probably  o^dng  to  such  a  new 
Brrangement  that  the  essential  oil  penetrates  the  bitumen  with 
more  or  less  difficultv. 

m 

M.  Daguerre,  who  was  associated  with  M.  Niepce  in  some 
of  his  experiments,  has  carried  a  similar  process  to  a  much 
liigher  degree  of  perfection,  which  in  France  has  been  thought 
worthy  of  a  national  recompense.  The  basis  of  the  daffuerro- 
tupe  is  a  copper  plate  covered  with  burnished  silver,  superfici- 
•Dy  converted  into  an  iodide  of  silver  by  placing  it  horizontally, 
the  face  downwards,  in  a  well  covered  box,  at  the  bottom  of 
which  is  a  small  quantity  of  iodine  undergoing  spontaneous 
evaporation.  When  the  plate  thus  prepared  comes  out  of  the 
cunera  obscura,  not  a  line  can  be  seen  upon  it.  The  yellow 
coat  of  the  iodide  of  silver,  which  has  received  the  image, 
qipears  to  be  of  a  perfectly  uniform  shade  in  every  part.  The 
plate  is  then  exposed,  in  a  second  box,  to  the  action  of  mercurial 
npour,  which  immediately  produces  the  most  curious  effect. 
It  attaches  itself  to  those  parts  of  the  surface  of  the  plate  which 
Iwve  received  a  vivid  light,  and  leaves  those  untouched  which 
We  remained  in  the  shadow.  It  precipitates  itself  on  the 
qaoes  occupied  by  the  half  tints,  in  proportion  as  they  approach 
to  die  lights  and  shadows.  The  images  are  fixed  by  immersing 
tte  jdate  in  hyposulphite  of  soda,  and  afterwards  washing  it 
vith  distilled  water. 

I  660.  The  operation  of  bleaching  linen  affords  another 
nd  more  familiar  illustration  of  the  chemical  changes  which 
%ht  is  capable  of  produdng.  Every  washerwoman  is  aware 
hsm  flxpttrience  that  this  process  most  readily  succeeds  in 
hi^hfr  weather.  The  removal  of  colour  is,  probably,  ultimately 
BrfmiUe  to  the  decomposition  of  water,  and  the  consequent 
ttofoxygen. 
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§  661.  The  instances  in  which  light  promotes  combiuh 
tion  are  equally  striking. 

We  have  already  stated  that,  when  hydrogen  and  chbiine 
gases  are  mixed  together,  they  enter  very  slowly  into  comUn- 
tion  in  a  feeble  light;  but,  when  exposed  to  the  direct  rap  of 
the  sun,  combination  is  extremely  rapid,  and  not  unfrequendf 
attended  with  explosion. 

Chlorine  and  carbonic  oxide  can  be  made  to  unite  togedMi 
by  no  other  influence  with  which  we  are  acquainted,  and  henee  : 
the  product  has  been  called  phosgene  gas.  They  are  introducri 
for  this  purpose  in  equal  volumes  into  an  exhausted  flask,  anl 
exposed  for  a  quarter  of  an  hour  to  bright  sunshine.  The 
colour  of  the  clilorine  gradually  disappears,  and  the  gases  ait 
condensed  into  half  their  united  bulk.  The  new  gaseous  bodf 
has  an  intolerably  pungent  odour,  and  greatly  affects  the  eyo. 
It  reddens  litmus,  and  by  contact  with  water  is  resolved  into 
carbonic  and  muriatic  acids.  It  condenses  four  times  its  vofame 
of  ammoniacal  gas,  and  the  product  is  a  white  neutral  sih^ 
from  whicli  tlie  more  powerful  acids  disengage  carbonic  and 
muriatic  acids. 

§  662.  All  the  rays  of  the  solar  spectrum  are  not  eqnalif 
endued  witli  this  influence  upon  chemical  aflfinity;  for  whentkf 
fall  upon  paper  impregnated  with  chloride  of  silver,  the  chloride 
becomes  blackened  much  sooner  in  the  violet  than  in  the  other 
coloured  rays.  This  part  of  the  subject  has  very  recently  beea 
investigated  by  Sir  John  Herschel,  who  has  opened  up  a  nriie 
of  discovery  of  the  most  wonderful  nature,  and  the  importanee 
of  which  it  is  scarcely  possible  duly  to  appreciate. 

He  has  established  by  his  experiments,  that  one  and  the 
same  solar  spectrum,  thrown  on  papers  diff*erently  prepaM 
indicates  by  the  impressions  photographically  left  on  tioie 
papers  the  most  capricious  differences  in  the  scale  qfaetim, 
whether  estimated  by  the  extent  of  the  discoloration  in  the 
direction  of  the  length  of  the  spectrum,  or  by  its  intensity  <l 
different  points  of  that  length.  Acting  with  one  kind  of  pq>tf 
the  chemical  spectrum  includes  within  its  limits  the  «** 
luminous  spectrum,  extending  much  beyond  the  extremeit 
visible  red  rays  on  the  one  hand,  and  on  the  other  to  a  in^ 
prising  distance  beyond  the  violet;  while  if  another  paper  ii 
used,  all  action  appears  definitively  cut  off  at  the  orange;  if 
another,  at  the  commencement  of  the  green;  and  if  another,  «t 
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that  of  the  blue  rays.  In  one  description  of  paper  the  maxi- 
mum of  apparent  action  lies  beyond^  in  tliat  of  another^  within 
the  visible  ^-iolet;  in  a  thirds  far  in  upon  the  blue;  while  in  a 
fourth,  several  successive  maxima  appear.  Differences  are  also 
bdicated  in  the  kind  of  action  at  different  points  of  the  spec- 
tnun,  as  manifested  by  differences  of  colour  produced^  and  a 
^Iwg  upon  the  spectrum  itself  of  the  points  where  tliese 
differences  of  action  commence  and  terminate.  He  also  found 
that  two  rays  of  different  refrangibilities  acting  at  once,  will 
produce  an  effect  which  neither  of  them  acting  separately  is 
competent  to  produce. 

One  of  the  most  striking  and  unexpected  results  was  the  form- 
ation of  a  coloured  photographic  impression  of  the  solar  spectrum 
Itself,  of  which  the  tints  were,  indeed,  sombre,  but  unequivocal. 

Sir  John  Herschcl  endeavoured  to  detect  the  existence  of 
inactive  spaces  in  the  chemical  spectrum,  analogous  to  the  dark 
lines  in  the  luminous  one ;  but  without  any  marked  success. 
The  attempt,  however,  revealed  several  curious  facts.  The  maxi- 
mum of  action  on  the  most  ordinarj*^  description  of  photographic 
fiper,  namely,  that  prepared  with  common  salt,  was  found  to 
be,  not  beyond  the  violet,  but  about  the  confines  of  the  blue 
■nd  green :  and  the  visible  termination  of  the  violet  rays  nearly 
^HKcted  the  photographic  image  impressed  on  the  paper:  in 
the  visible  violet  rays  there  occurred  a  sort  of  minimum  of 
Mtion :  the  whole  of  the  red  appears  to  be  inactive ;  and  lastly, 
the  orange-red  rays  communicate  to  the  paper  a  brick-red  tint 
FHang  into  green  and  dark  blue.  Hence  he  deduced,  first,  the 
dMohite  necessity  of  perfect  achromaticity  in  the  object-glass  of 
*  jdiotographic  camera ;  and  secondly,  the  possibility  of  the 
fatore  production  of  naturally  coloured  photographs. 

Tlie  rajrs  occupying  the  red  end  of  the  spectrum  were  found 
toeaert  an  action  of  an  opposite  nature  to  that  of  the  blue, 
vUet,  and  lavender  ra3ns.  When  the  red  rays  act  on  prepared 
F99  in  conjunction  with  the  diffused  light  of  the  sky,  the  dis- 
*Blontiiig  influence  of  the  latter  is  suspended,  and  the  paper 
^iMiBB  white ;  but  if  the  paper  has  been  already  discoloured 
tfttdiiiary  lif^t,  the  red  rajrs  change  its  actual  colour  to  a 

flK  inqaifed  more  particolarly  into  the  effects  of  the  com- 
!Mjil|i;Mlioii  of  a  red  ray  with  any  other  single  ray  in  the 
t|lllnnis  wbedier  any,  and  what  differenoes  exist  between  the 
iilNI|M*ao  ■aooesnva,  action  of  rsya  of  any  two  diffinrent  and 
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definite  refrangibilities ;  and  whether  this  action  be  capabl 
not^  of  producing  effects^  which  neither  of  them,  acting  a 
would  be  competent  to  produce.  The  result  was  that,  alth 
the  previous  action  of  the  less  refrangible  rays  does  not  a[ 
to  modify  the  subsequent  effects  produced  by  the  more  re 
gible ;  yet  the  converse  of  this  proposition  does  not  obtain, 
the  simultaneous  action  of  both  produces  photographic  ef 
very  different  from  those  which  either  of  them,  acting  i 
rately,  are  capable  of  producing. 

Amongst  his  other  discoveries,  he  also  found  a  white 
power  of  the  several  rays  of  the  spectrum  under  the  influent 
hydriodic  salts,  on  paper  variously  prepared  and  previo 
darkened  by  the  action  of  solar  light.  The  singular  prop 
belonging  to  the  hydriodate  of  potassa  of  rendering  darlu 
photogra])hic  paper  susceptible  of  being  whitened  by  for 
exposure  to  light,  afforded  a  series  of  liew  relations  among 
different  parts  of  the  spectrum,  with  respect  to  their  chen 
actions. 

Many  of  Sir  John  Herschel's  most  interesting  experimi 
have  been  performed  with  vegetable  colouring  matters,  and 
has  described  ^dth  great  detail,  in  a  recent  paper  read  to 
Royal  Society,  the  photographic  effects  produced  on  pt| 
coloured  by  various  vegetable  juices,  and  afterwards  washed i 
solutions  of  particular  salts ;  and  he  has  given  a  minute  aooc 
of  the  manipulations  he  employed  for  the  purpose  of  impaxtin 
paper  the  greatest  degree  of  sensitiveness  to  the  action  of  i 
light.  This  action  he  found  to  be  exceedingly  varioust  boti 
regards  its  total  intensity  and  the  distribution  of  the  actm  i 
over  the  spectrum.  He  observed,  however,  that  the  fbUoi 
peculiarities  obtain  almost  universally  in  the  spedes  of  MH 
exerted. 

First,  the  action  is  positive;  that  is  to  say,  light  daii 
colour,  either  totally,  or  leaving  a  residual  tint^  on  ^Aich  it 
no  furtlier,  or  a  very  much  slower  action ;  thus  eSbcting  a  : 
of  chromatic  analysis,  in  which  two  distinct  element!  of  od 
are  separated,  by  destroying  the  one  and  leaving  the  odiar  i 
standing,  llie  older  the  paper,  or  the  tincture  with  triikki 
stained,  the  greater  is  the  amount  of  this  reaidiud  tint. 

Secondly,  the  action  of  the  spectrum  is  oonfiiiedy 
so,  to  the  re^on  of  it  occupied  by  the  luminoas  nj%  i 
distinguished  both  from  the  so-called  chemioal  imys 
violet,  (which  act  with  chief  energy  on  argentiM 
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•e  here  for  the  most  part  ineflFective,)  on  the  one  hand, 
a  the  other,  from  the  thermic  rays  beyond  the  red,  which 
r  to  be  totally  ineffective. 

!sides  these,  he  also  observed  that  the  rays  which  are 
ve  in  destroying  a  given  tint,  are,  in  a  great  many  cases, 

whose  union  produces  a  colour  complementary  to  the 
estroyed,  or  at  least  one  belonging  to  that  class  of  colours 
lich  such  complementary  tint  may  be  referred.  Yellows 
ig  towards  orange,  for  example,  are  destroyed  with  more 
y  by  the  blue  rays ;  blues  by  the  red,  orange,  and  yellow 

purples  and  pinks  by  yellow  and  green  rays.  These  phe- 
na  may  be  regarded  as  separating  the  luminous  rays  by  a 
Uy  defined  line  of  chemical  distinction  from  the  non- 
lous ;  but  whether  they  act  as  such,  or  in  virtue  of  some 
iar  chemical  quality  of  the  heat  which  accompanies  them 
ei/,  is  a  point  which  he  considers  his  experiments  on  guaia- 
as  leaving  rather  equivocal.  In  the  latter  alternative,  he 
■ves,  chemists  must  henceforward  recognise,  in  heat  from 
"ent  sources,  differences  not  simply  of  intensity,  but  also  of 
ty ;  that  is  to  say,  not  merely  as  regards  the  strictly  che- 
l  changes  it  is  capable  of  effecting  in  ingredients  subjected 
I  influence. 

)ne  of  the  most  remarkable  results  of  this  inquiry  has  been 
discovery  of  a  process,  circumstantially  described  by  Sir 
I  Herschel,  by  which  paper  washed  over  with  a  solution  of 
lonio-citrate  of  iron,  dried,  is  rendered  capable  of  receiving 

great  rapidity  a  photographic  image,  which,  from  being 
nally  faint  and  sometimes  scarcely  perceptible,  is  imme- 
dy  called  forth  on  being  washed  over  with  a  neutral  solution 
)ld.  The  picture  does  not  at  once  acquire  its  full  intensity, 
darkens  with  great  rapidity  up  to  a  certain  point,  when  the 
Iting  photograph  attains  a  sharpness  and  perfection  of 
il  which  nothing  can  surpass.  When  the  effect  has  been 
ifectorily  produced,  the  picture  must  be  rinsed  two  or  three 
»  in  fresh  water,  and  dried.  It  may  afterwards  be  perma- 
dy  fixed  by  passing  over  it  a  weak  solution  of  hydriodate  of 
issa,  and  again  rinsing  it  in  water.  To  this  process  its 
lor  applies  the  name  of  crysotypCj  to  recall  to  mind  its 
logy  with  the  calotype  process  of  Mr.  Talbot,  to  which  in  its 
eral  effect  it  affords  so  close  a  parallel. 

§  663.  The  most  intense  light  from  the  ordinary  com- 
tion  of  the  hydrocarbons  produces  no  change  upon  chloride 
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of  silver,  nor  yet  on  a  gaseous  mixture  of  hydrogen  and  chlo- 
rine; but  the  light  from  the  voltaic  battery,  and  tliat  from  lime 
heated  in  the  oxyhydrogen  blowpipe,  when  concentrated  bra 
glass  lens,  speedily  blackens  the  chloride,  and  has  even  beta 
api>lied  to  photographic  purposes. 

§  664.  Tlie  processes  of  vegetation  are  also  greatly  onder 
the  influence  of  the  same  subtle  agency.  The  artificial  exdo- 
sion  of  light  from  plants  gives  rise  to  the  effect  upon  tben^ 
which  is  called  etiolation^  or  blanching.  Lender  such  ciramb 
stances  they  always  extend  their  branches  and  shoots  towari 
any  opening  at  which  light  is  partially  admitted;  and  if  IM 
be  closed,  and  another  opened  in  a  different  situation,  tfaf 
change  their  direction,  and  still  turn  towards  the  lumimw 
influence.  If  kept  in  perfect  darkness  they  become  fceUe, 
succulent,  insipid,  and  of  a  white  or  yello^iish  colour;  but  if  B 
this  state  they  be  transferred  to  a  situation  where  tbev  mf 
enjoy  the  action  of  the  solar  rays,  tliey  regain  their  gw* 
colour  and  become  vigorous.  According  to  the  observation!  rf 
Sennebicr,  the  green  colour  of  the  leaves  of  plants  is  i««* 
readily  developed  under  the  influence  of  violet  light  than  unto 
that  of  anv  other  colour. 

§  663.  We  will  close  this  summary  view  of  the  relafioM 
of  light  to  matter  with  a  few  observations  upon  the  diffieiat 
degrees  with  which  it  seems  to  be  absorbed  and  retained  If 
some  bodies.     There  are  substances  which  appear  to  be  CKfH^ 
of  emitting  light  at  a  very  moderate  accession  of  tempcntl^  I 
without  undergoing  any  sensible  chemical  change.   The  diwniwi  \ 
for  instance,  fluor  spar,  and  various  other  bodies,  po»wfli|  \ 
property  in  various  degrees.     It  is  called  phogphoreiomDtt  ^  \ 
is  very  different  from   the  luminous  property   posaeMed  kf  ' 
phosphorus,  which,  as  we  have  seen,  is  due  to  a  slow  coahi  \ 
tion  at  a  low  temperature.    These  bodies  lose  the  propel^  '^ 
emitting  light  when  they  have  frequently  been  made  to  mdfllp 
tlie  process;  but  may  have  it  restored,  by  passing  tfarom^  All 
strong  electric  dischaifies,  which,  in  some  casea^  will  oonfMl 
property  upon  substances  which  did  not  prerioiialj  posMll^ 
Some  species  of  fluor  spar  (chlorcpkane)  hwxmt.m^^fj^'] 
in  boiling  water  as  to  enable  a  person  to  distingidah  tfcsWiWf 
of  a  book. 

{  666.  Another  class  of  bodies  fixst  abeo»bJ||||^|liP* 
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raneous  source,  and  give  it  out  again  upon  being  taken  into 
brk  place:  these  are  sometimes  distinguished  as  solar 
^wri.  The  most  powerful  of  these  is  an  artificial  compound 
t  made  by  Canton.  It  may  be  formed  by  mixing  three  parts 
calcined  oyster-shells  in  powder  with  one  of  flowers  of 
!>hur^  and  igniting  the  mixture  strongly  for  half  an  hour  in  a 
able.  On  picking  out  the  lighter  coloured  parts^  and  expos- 
them  to  the  sunbeams^  to  common  daylight,  or  to  the  light 
in  electric  explosion,  they  will  acquire  the  faculty  of  shining 
the  dark,  so  as  to  illuminate  the  dial  of  a  watch  and  make 
figures  visible.  After  a  time  it  will  cease  to  shine;  but  if 
it  in  a  well-stopped  phial,  a  fresh  exposure  to  the  sun  will  at 
'  time  restore  the  luminous  property. 

$  667-  Some  species  of  animal  and  vegetable  matter, 
a  state  of  decay,  have  the  property  of  emitting  liglit, — 
ticalarly  some  marine  fish  and  Crustacea,  as  lobsters.  The 
ntity  of  light  given  off  by  such  substances  is  by  no  means 
portioned  to  their  degree  of  putrefaction;  but,  on  the  con- 
ry,  the  greater  the  putrescence  the  less  light  they  generally 
it. 

§  668.  The  power  which  certain  living  animals  possess 
emitting  light  at  their  pleasure,  properly  falls  within  the 
mnce  of  the  science  of  Physiology  for  examination  and 
ilanation.  We  have  the  less  reluctance,  indeed,  to  pass  over 
ih  a  brief  allusion,  the  interesting  phenomena  which  the 
Kk^Dorm  and  the  fire-fly  present,  inasmuch  as  they  at  present 
nain  amongst  the  most  inexpUcable  of  the  products  of  life. 
e  superficial  waters  of  the  ocean  sometimes  glow  with  living 
s,  emitted  from  countless  millions  of  minute  marine  animals 
(o  have  the  privilege  of  kindling  it  and  extinguishing  it  at 
Q;  while  in  the  eternal  darkness  of  the  great  deep,  to  which 
e  rays  of  the  solar  orb  can  never  penetrate  (§  221),  the  larger 
imals  are  lighted  to  fulfil  the  purposes  of  their  being,  by  a 
ooess  which  appears  at  present  to  be  amongst  the  most 
•cmtable  wonders  of  the  Creation.  Our  knowledge  of  Animal 
hemutry  scarcely  enables  us  to  form  a  guess  respecting  the 
•tore  of  that  light  which  is  thus  provided  for  the  submarine 
wts  of  beings. 

S  669.  The  concurrence  of  the  different  forces  of  cohesion, 
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adhesion,  affinity,  light,  heat,  electricity,  and  magneti 
exemplified  in  the  most  marvellous  manner  in  the  arrange 
and  phenomena  to  which  we  miist  next  direct  our  atte 
and  for  the  proper  understanding  of  which  our  previous 
tigations  into  the  laws  of  each  are  no  more  than  a  nee 
preparation.  We  must  return  to  the  force  of  affinit] 
pass  from  its  local  action  to  consider  the  phenomena 
current  state. 

XIII.     CURRENT  AFFINITY. 

§  670.  The  force  of  affinity,  as  we  have  hitherU 
templated  it,  has  been  excited  by  the  contact  of  the  pa 
of  dissimilar  kinds  of  matter;  it  has  been  expended  at  the 
at  which  it  originated;  and  its  action  has  only  become  co 
ous  by  the  gradual  supply  of  the  active  agents,  and  the^n 
of  the  inert  compounds  by  the  agency  of  concurrent  force 

Metallic  zinc,  when  exposed  to  a  sufficiently  high  t 
rature,  bums  in  the  air  with  a  plentiful  evolution  of  bi 
light  and  heat;  but  the  process  soon  comes  to  an  end, 
oxide,  which  is  the  product  of  the  combustion,  be  not  ren 
and  fresh  contacts  produced  between  the  metal  and  the  o: 

A  plate  of  bright  zinc,  when  immersed  in  water,  sp 
becomes  dulled  by  the  formation  of  a  thin  coat  of  oxidi 
the  oxidation  proceeds  no  further,  because  the  adhesion 
oxide  prevents  a  renewed  contact  of  the  metal  and  the  wa 

A  similar  plate  of  zinc  in  dilute  sulphuric  acid,  decern 
the  aqueo-acid,  and  takes  the  place  of  its  hydrogen, 
solution  goes  on  with  rapidity  because  the  surfaces  of  o 
between  the  metal  and  the  acid  are  perpetually  renews 
disengaged  hydrogen  being  carried  out  of  the  sphere  of  i 
by  its  elastic  force,  and  the  sulphate  of  zinc  which  is  fi 
being  also  removed  by  solution. 

§  671*  If  the  surface  of  the  zinc  plate  be  carefully 
gamated  with  mercury,  a  new  play  of  forces  is  produced, 
introducing  the  plate  into  the  dilute  acid,  its  surface  be( 
covered  with  bubbles  of  hydrogen  gas,  which  adhere  witih 
siderable  force,  and  will  not  rise  through  the  liquid;  the 
of  adhesion  is  sufficient  to  counteract  their  elasticity, 
metal  is  thus  protected  from  further  action;  but  if  the  bn 
be  carefully  brushed  away  as  they  are  produced,  the  scdotii 
the  zinc  and  the  decomposition  of  the  acid  will  proceed. 
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§  672.  It  can  scarcely  be  necessary  to  remark  that  these 
positions  and  decompositions  take  place  in  equivalent  pro- 
ions  :  32  parts  or  1  equivalent  of  zinc  displace  1  equivalent 
lydrogen  from  49  parts  or  1  equivalent  of  aqueo-sulphuric 
:  80  parts  of  sulphate  of  zinc  are  thus  formed ;  from  which 
»arts  or  1  equivalent  of  potassa  will  throw  down  40  parts  of 
e  of  zinc. 

§  673.  All  these  actions  are  local ;  but  we  have  it  in  our 
er  to  cause  this  same  force  of  affinity  to  travel :  we  can  send 
t  a  distance,  and  oblige  it  to  act  at  points  far  removed  from 
at  which  it  is  excited  or  generated.  Some  of  the  results 
be  manifested,  as  before,  by  decompositions  and  recomposi- 
s  of  matter;  but  not  confined,  as  heretofore,  to  the  point 
1  wl)ich  the  force  is  set  free ;  and  new  forces  will  have  space 
rhich  to  develope  themselves.  The  impulse  must  be  given 
maintained  by  the  contact  of  dissimilar  particles  of  matter ; 
it  may  be  communicated  to  points  very  distant  from  those 
rhich  it  originates  through  appropriate  conductors. 

§  674.  The  analogy  of  the  transmission  and  direction  of 
:hanical  force  may,  perhaps,  assist  in  the  formation  of  a  clear 
i  of  this  influence  of  bodies  where  they  ^^are  not.'*  Every 
is  familiar  with  the  modes  by  which  the  muscular  force  of 
mds,  the  elastic  force  of  steam,  or  the  wind,  or  the  attraction 
^vitation,  is  led  by  the  solid  matter  of  levers,  cords,  and 
sels,  to  distant  points  from  its  source,  and  there  set  to  work : 
lewhat  in  the  same  way  we  may  conceive  that  the  force  of 
lity  may  be  directed  to  distant  points  through  appropriate 
ductors.  But  its  joumeyings  must  be  in  a  circle,  and  the 
ingement  must  be  made  in  such  a  way  that  the  impulse  may 
im  to  the  point  from  which  it  set  out : — it  must  circulate. 
this  we  can,  perhaps,  trace  an  analogy  with  mechanical  force, 
tch  must  react  upon  the  point  from  which  it  emanates.  But 
ions  so  remote  from  all  common  experience  can  only  be 
ddated  by  experiment,  and  the  results  of  the  careful  observa- 
a  of  facts  in  circumstances  purposely  contrived  and  varied. 

§  675.  We  have  already  stated  that,  when  an  amalga- 
ited  zinc  plate  is  immersed  in  water  acidulated  with  sulphuric 
id,  the  incipient  action  is  soon  arrested  by  the  adhesion  of 
ibbles  of  hydrogen :  a  second  plate  introduced  into  the  same 
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portion  of  liquid  will,  of  course,  not  act  differently,  whet 
be  in  contact  with  the  first  or  not.  If,  instead  of  a  BccMid 
of  zinc,  s  plate  of  platinum  or  silver  be  placed  in  die 
nothing  occurs  so  long  aa  the  two  plates  are  kept  separate 
if  they  touch  one  another  in  any  point,  the  zinc  immed 
begins  to  take  {oafytulphton)  the  radicle  from  the  add. 
equivalent  hydrogen  is  not  now,  however,  given  off  upa 
surfece,  but  upon  the  surface  of  the  platinum  or  silver,  ei 
its  most  remote  points ;  being  thus  removed  from  the  pa 
contact  between  the  zinc  and  the  acidulated  water,  it  no  Ii 
suspends  their  action,  and  the  solution  of  the  zinc  proceedi 

It  is  not  necessary  that  the  contact  betiveen  the  two  a 
he  made  within  the  liquid :  if  they  be  only  partially  pin 
into  it ;  if  the  parts  immersed  be  separated  by  a  conside 
interval,  and  they  be  brought  to  touch  only  by  their  ext 
edges;  action  immediately  ensues,  and  the  hydrogen  is  en 
only  upon  the  platinum,  however  distant  it  may  be  btm 
zinc. 

Again :  contact  between  the  two  plates  need  not  take  ] 
at  all  provided  a  communication  be  established  between  tha 
means  of  any  other  metal  (122);  a  very  fine  wire  is  quite  suflii 
for  the  purpose,  and  will  be  efficient  even  in  lengths  whid 
be  measured  in  miles.  The  necessary  condition  is,  that 
connexion  be  made  by  some  good  conductor  of  electridty; 
charcoal  may  be  substituted  for  metal :  but  no  action  will  b 
up  through  a  non-conductor. 


(12S)  In  this  figure,  z  represents  a  zioc  { 
and  B  one  of  silver,  immersed  in  a  vessel  of  dilate 
phuric  acid.  As  long  ae  they  are  in  rontact  bj 
upper  extremities,  the  zinc  will  be  dissolred,  sn^ 
silver  will  be  covered  witii  bubbles  of  hydrogen,  n 
will  quickly  rise  Irom  its  surface. 

The  force  which  originates  with  the  xinc  p«* 
the  direction  of  the  lower  arrow,  from  z  to  tlie  ■ 
plate  B,  and  returns  from  s  to  z  in  the  direction^ 
upper  arrow. 

*  The  binary  theory  (§  6S7)  of  tlie  Lydrated  acids  uid  of  Halts  ii  adi 
in  tbiB  port  of  our  investigation  as  that  which  will  be  ultimately  foieed  ap 
in  its  progress  by  the  most  conclusive  evidence ;  but  it  is  not  difficult  to  « 
tuto  for  it  the  ordmaiy  view.  According  to  this,  it  is  the  decompofit) 
water  by  the  zinc  which  is  the  primary  cause  of  the  pbenomena,  the  nl{J 
acid  only  acting  the  secondary  part  of  dissolving  the  oxide  formed,  lod 
proaentiug  fresh  sor&cea  of  metal  for  oxidation. 
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If  a  tuIie  three  feet  long  be  filled  with  the  dilute  acid,  and  a 
*e  of  platinum  be  inserted  through  a  cork  in  one  of  its  ex- 
mitiea,  and  an  amalgamated  zinc  wire  in  the  other,  un 
meeting  the  wires  hydrogen  will  be  given  off  upon  the  former, 
nrithstanding  the  distance  of  the  two  metals. 

§  676.  Now  it  is  obvious  that  the  origin  of  the  action 
ist  be  an  attraction  of  zinc  for  the  radicle  of  the  aqueo-acid 
fftulphion)  superior  to  that  by  which  it  is  combined  with 
drogen.  That  the  force  thus  generated  travels  through  the 
aid,  is  prored  by  the  extraordinary  transfer  of  the  disengaged 
drogen  to  the  opposite  plate,  which  by  itself  has  no  attraction 
*  the  least  possible)  for  oxygen  or  hydrogen ;  and  that  it 
ama  through  the  conducting  solid  to  the  zinc,  we  conclude 
na  the  whole  remiuning  in  abeyance  till  the  communication  is 
■nplete.  £^h  portion  of  the  circuit  opposes,  of  course,  a 
ccific  resistance  to  this  circulation  dependent  upon  the  imper- 
ction  of  its  conducting  power. 


^  677-  We  can,  moreover,  produce  evidence  that  the 
g  wire  is  in  a  state  of  activity,  while  transmitting  the 
^lae,  very  different  from  its  ordinary  state.  If  the  commu- 
iation  between  the  generating  and  the  conducting  plates,  as 
I  may  call  them,  be  made  by  means  of  the  fine  wire  in  the  air- 
NTtnometer  which  we  have  before  described  (§  342),  it  will  be 
nnd  to  evolve  heat;  and  if  the  wire,  or  any  part  of  it,  be  very 
odi  reduced,  or  the  plates  be  greatly  enlarged,  the  wire  will 


If  jnitnml  ot  bring  in  immediate 
Mh^  m  in  the  last  figure,  the 
hfei  it  Gonneoted  with  the  wires, 
^■1)  the  Hune  efieota  will  l>e  pro- 
Md;  bat  if  the  metallic  conmtuai- 
imht  iBtcmpled  fbi  a  moment 
i,  dl  tliinim*'  action  will  be  t«r- 
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become  ignited  at  its  thinnest  part,  and  even  fused.  The  hot 
will  be  in  proportion  to  the  resistance  and  vary  ^th  the  natoR 
of  the  metal,  as  we  have  found  it  with  electrical  condncdoBi 
(§  342). 

Different  metals  become  heated  in  different  degrees,  ui 
hence,  their  difference  of  expansion  which  increases  with  tb 
temperature,  as  measured  upon  a  Breguet's  thermometer  (^144), 
will  afford  a  measure  of  the  exciting  cause. 

§  678.  Every  part  of  the  wire,  when  in  connexion  lifc 
the  two  plates,  is  also  capable  of  exerting  a  powerful  Mli» 
upon  the  magnetic  needle.  If  the  needle  be  allowed  to  tslath 
natural  position  under  the  directive  power  of  the  earth,  andte 
wire  be  placed  above  it  in  a  parallel  direction,  the  end  wUA-: 
points  to  the  north  being  directed  towards  the  silver  plate,  tW 
end  will  move  towards  the  west,  and  the  needle  will  tend  Itf 
place  itself  across  the  wire :  but  if  the  wire  be  placed  bdowtJ* 
needle,  the  same  pole  will  move  eastward,  and  cross  the  wire* 
the  opposite  direction.  When  the  position  of  the  sine  iid 
platinum  plates,  with  regard  to  the  needle,  is  reversed,  dl 
direction  of  the  movement  of  the  needle  will  be  also  reven«t 
and  its  ultimate  position  will  indicate  the  course  of  the  coffti* 
(123).  We  have  here  the  consideration  of  direction  intioduorfs 
for  the  direction  of  the  force  is  fixed  and  limited,  as  with  othr 
forces  which  act  at  a  distance.  Direction  we  are  in  the  IM' 
of  appreciating  by  reference  to  our  own  persons  in  sndi  tf- 
prcssions  as  upwards  and  downwards,  above  and  below,  lip^ 
and  left,  backwards  and  forwards.     We  effect  the  same 


(123)  In  the  annexed  diagram,  let  p  n  represent  the  condadJ^ 
wire  of  the  circuit,  n  being  in  connexion  with  the  silver  plate,  ani  h 
with  the  zinc  plate.     Let  the  natural  direction  of  the  needle,  m'* 


the  influence  of  the  earth,  be  represented  by  the  arrow,  N  a,  heW«* 
the  two  circles.  When  the  needle  is  placed  above  the  wire,  1»  * 
marked  pole  mil  be  deflected  towards  the  west,  and  when  pb^ 
below  the  wire,  2,  it  will  be  deflected  to  the  east 
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Qore  scientifically  by  reference  to  the  fixed  points  of  the  heavens 
Old  the  position  of  the  magnetic  needle. 

This  is  not  the  place  in  which  we  propose  to  inquire  into  the 
Kws  of  this  magnetic  action;  it  is  only  at  present  brought 
Ofward  to  demonstrate,  that  the  wire  which  connects  the  two 
netallic  plates  in  the  arrangement  which  has  been  described. 
Iocs  in  reality  transmit  a  force  which  manifests  itself  by  very 
nergetic  actions.  It  has  also  been  applied  to  the  construction 
•f  a  very  delicate  instrument  for  measuring  the  quantities  of  the 
actraordinary  agent  which  is  thus  called  into  activity,  without 
Q  explanation  of  which  it  is  scarcely  possible  to  proceed. 

§  6/9.  Every  point  of  the  connecting  wire  equally  influ- 
the  magnetic  needle,  and  the  force  with  which  it  affects  it 
be  doubled  by  bending  it  back  upon  itself,  and  placing  the 
eedle  between  its  two  parallel  branches  (124).  If  a  copper 
rire  be  bent  into  a  rectangular  form,  consisting  of  several  coils 
Qarded  from  metallic  contact  by  being  covered  with  silk,  and 
^  the  centre  of  the  rectangle  a  delicately  suspended  needle  be 
ibced,  each  coil  will  add  its  influence  to  that  of  the  others,  and 
l^e  needle  will  be  impelled  by  the  joint  action  of  all.  If  such 
ftt  arrangement,  previous  to  its  connexion  with  the  active  plates, 
>«  placed  so  that  the  rectangular  coils  be  parallel  to  the  needle 
ift  Uie  position  it  occupies  under  the  directive  influence  of  the 
mriSb,  and  the  connexion  be  then  made,  the  eflect  will  be  to 
icscasion  such  a  deviation  from  the  plane  of  the  magnetic 
Oeridian,  as  will  arise  from  the  balance  between  the  new  force 
icting  on  it  and  the  magnetic  force  of  the  earth.  The  number 
^f  degrees  at  which  the  needle  stops,  measured  upon  a  graduated 


(124)  The  adjoining  figure  represents  a  magnetic  needle,  freely 
kupported  upon  a  point  within  a  rectangle,  formed  by  a  wire  doubled 
back,  and  placed  in  connexion  with  the  zinc  and  copper  plates  of 
>^  circuit,  by  the  mercury  cups, 
^  and  N.  By  this  arrangement 
^lie  influence  of  the  under  part  of 
Wie  conducting  wire  is  doubled 
'^^JL  the  needle:  for  both  the 
Parallel  lengths  conspire  to  deflect 
^t^m  its  natural  position  in  the 
^^e  direction,  and  to  bring  it 
*^  a  position  nearer  to  a  right 
^^e  to  the  plane  of  the  wire. 
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arc  of  a  circle,  will  therefore  give  an  approximative  measure  o( 
the  intensity  of  the  force  exerted  by  the  wire.  For  small  devii. 
tions  indeed,  not  exceeding  30°,  the  force  may  be  regarded  ai 
proportionate  to  the  number  of  degrees ;  but  for  greater  derii- 
tions  the  value  of  the  degrees  increases  very  rapidly. 

We  are  not  prepared  at  present  to  describe  the  several  model 
by  which  the  force  may  be  determined  with  perfect  accuracy. 

§  680.  An  instrument  constructed  in  the  manner  whick 
we  have  described  is  called  a  Galvanometer.  Its  delicacy  maybe 
very  much  increased  by  employing  two  needles  attached  together, 
one  above  the  other,  in  a  parallel  direction,  with  their  polei  ii 
opposite  directions  (125).  The  distance  between  the  needki 
is  such  as  allow  the  upper  part  of  the  coil  of  wires  to  poi 
between  them ;  an  opening  being  left  by  the  separation  of  Ae 
wires  at  the  middle  of  the  coil,  for  allowing  the  thread  by  whkk 
they  are  suspended  to  hang  between  them.  By  this  contrivance^ 
the  directive  power  of  the  earth  upon  the  astatic  needle^  as  hit 
called,  is  very  nearly  neutralized,  enough  only  being  allowed  to 
remain  to  bring  it  to  a  constant  direction,  when  the  wire  is  is 
a  state  of  inactivity :  at  the  same  time  when  thrown  into  actioOi 
both  the  needles  are  impelled  in  the  same  direction.  The  loww 
needle  being  in  the  situation  of  the  more  simple  apparatus  jint 


(125)  The  torsion  galra]iOBe> 
ter  of  Dr.  Ritchie  is  here  rep«" 
sented.  n  s  is  the  lower  needh 
surrounded  by  the  coil  of  wire,  n' 
connected  with  the  upper  needle 
6  N  by  a  piece  of  straw  which  pa«e 
through  the  upper  part  of  the  hoO' 
zontal  coil,  and  through  a  dreoltf 
card  placed  above  it,  on  whidi* 
graduated  circle  is  drawn.  It* 
then  attached  to  the  toraon  flft* 
ment,  which  is  fixed  to  a  icrev, 
supported  by  the  frame  of  the  !>* 
stniment.  The  filament  may  lie  oi 
glass,  and  the  angle  of  torsion  aif 
easily  be  measured  upon  the  gi** 
7  duated  card.  The  wires  of  ^ 
'^  coil  are  easily  connected  with  <■• 
plates  of  the  circuit,  bj  meaii ' 
the  small  mercury  capi. 
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described,  is  acted  upon  by  the  forces  in  every  part  of  the  coil, 
while  t!ie  upper  needle  is  impelled  by  the  contrary  influence  of 
the  upper  side  of  the  i^ire,  but  in  the  same  direction  as  the 
lower,  on  account  of  the  reversed  position  of  its  poles. 

The  needle  of  an  instrument  so  constructed  will  be  sensibly 
deflected  by  the  immersion  of  less  than  ^th  inch  of  zinc  i^nre, 
iVth  inch  diameter,  and  a  corresponding  length  of  platinum 
wire,  in  a  large  drop  of  water  acidulated  with  sulphuric  acid. 

The  galvanometer  may  be  rendered  a  still  more  accurate 
measure  by  completely  neutralizing  the  influence  of  the  earth 
upon  the  astatic  needle,  and  substituting  the  force  of  torsion  to 
produce  the  equilibrium  with  the  force  of  the  active  wire.  The 
ease  and  accuracy  with  which  the  former  may  be  measured, 
renders  it  a  very  perfect  means  of  estimating  the  amount  of  the 
latter. 

§  f581.  nie  law  of  the  propagation  of  the  current  force 
throughout  its  circuit,  or  the  condticting  powers  as  it  is  called,  of 
the  different  substances  of  which  it  is  composed,  has  l)een 
determined  by  the  most  accurate  measurement,  and  it  has  been 
found  to  be  directly  as  the  areas  of  the  sections  of  the  conductors 
and  inversely  as  their  lengtlis.  Thus  in  the  metallic  wire  con- 
necting a  generating  and  conducting  plate,  it  is  specific  as 
regards  tlie  metal,  but  in  all  cases  proportionate  to  the  square 
of  the  diameter.  We  may  state  the  law  in  other  words  thus : — 
the  resistances  to  the  passage  of  the  current  or  to  the  propaga- 
tion of  the  force  are  inversely  as  the  areas  qf  the  sections  of  the 
Wf^duciors  and  directly  as  their  lengths, 

§  682.  Every  part  of  a  wire,  thus  forming  a  communi- 
cation between  a  zinc  and  platinum  plate  immersed  without 
contact  in  tlie  same  vessel  of  acidulated  water,  whatever  the 
Mai  may  be,  is  endued  upon  its  opposite  sides  with  the 
opposite  forces  which  are  resident  in  the  magnet,  and  commu- 
nicable only^  as  we  have  hitherto  found,  to  iron  and  nickel. 

§  683.  The  phenomena  which  occur  when  a  portion  of 
Ac  moist  structure  of  a  living  animal,  or  even  of  one  which  has 
Iwen  a  short  time  dead,  is  made  the  medium  of  communicsation 
Wirsen  a  sine  and  conducting  plate^  and  the  circuit  is  com- 
Phled  \pf  a  metallic  wire,  bear  testimony  to  the  propagation  of 
^Ctoe  ntnordinary  force  by  the  latter.    The  history  of  the 
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ori^n  of  this  most  important  branch  of  science  must,  alnnM 
necessarily,  be  included  in  their  description.  In  the  year  IJV), 
Professor  Galrani  of  Bologna,  was  accidentally  occupied  wiA 
the  dissection  of  a  frog,  at  the  time  when  some  other  perai 
was  experimenting  with  an  electrical  machine  in  its  neighbour- 
hood, and  observed  that,  whenever  the  point  of  his  sctdpel  wa 
in  contact  with  one  of  the  crural  nerves,  and  a  spark  wu  dim 
from  the  machine,  violent  convulsions  were  occasioned  in  At' 
limbs. 

We  now  know  that,  under  these  circumstances,  tJie  &■{' 
formed  part  of  a  system  of  bodies  under  induction,  by  M 
polarization  of  the  particles  of  which,  the  charge  was  susti' 
upon  the  prime  conductor;  when  the  latter  was  discbugii! 
their  state  of  tension  was  relieved,  and  in  returning  to  tfadt' 
former  state,  commotion  was  produced  similar  to  that  wbieb' 
takes  pince  n'ith  more  violence,  when  an  animal  is  placed  in  fll- 
course  of  the  discharge  of  a  Leyden  jar.  In  seeking  toTvy. 
the  circumstances  of  the  experiment,  the  explanation  of  iriuA 
was  unknown  to  him,  Galvani  armed  the  muscles  and  the  nam 
with  different  metals,  and  fomid  that,  whenever  a  metallic  cm- 
munication  was  made  between  the  two,  similar  convnlm 
movements  were  produced  without  the  co-operation  of  the  deo- 
trical  machine  (126).  The  new  branch  of  science  which  spring 
from  this  capital  observation  has  been  called  Gai.vam8II,  ■> 


(136)  The  annexed  figure  repre»enli  ifc 
legs  of  a  frog  prepared  for  Galvanic  eip«*- 
ments.  The  skin  is  removed,  and  the  cnnl 
nerves,  a  a,  are  easilj  found  bj  gently  aepaaOf 
the  muscles  on  the  back  of  the  thighi:  i  i>* 
silver  wire,  passed  under  both  the  nem%  ^ 
which  metallic  contact  is  insured.  He  Itp 
may  be  laid  upon  a  plate  of  zinc;  and,  wki 
the  circuit  is  completed  by  a  metallic  conuao'' 
cation  between  the  two  metals,  violent  ooanl- 
sions  are  produced. 
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nour  of  the  mind  which  discerned  the  importance  of  pheno- 
yasL  of  such  apparently  trifling  import. 

§  684.  There  are  many  ways  now  known  of  varying  tlie 
periment.  By  placing  a  Uve  flounder  upon  a  sUp  of  zinc 
th  a  shilling  upon  its  back^  whenever  a  metallic  communica- 
n  is  made  between  the  two  metals  by  a  metallic  wire,  strong 
iscukur  contractions  are  produced  in  the  fish.  If  a  piece  of 
?er  be  placed  upon  a  person's  tongue^  and  a  piece  of  zinc  or 
d  under  it,  no  efiect  will  be  observed  so  long  as  the  two 
stals  are  kept  apart:  but  when  their  ends  are  brought  in 
ntect,  a  slight  sensation,  as  from  a  feeble  electrical  shock, 
D  be  produced,  and  a  peculiar  saHne  taste.  If  one  metal 
placed  between  the  upper  lip  and  the  gums,  upon  bringing 
or  ends  together  as  before,  the  eyes  will  be  affected  as  by  a 
ih  of  light.  This  observation  had  been  made  nearly  fifty 
ITS  prior  to  Galvani's  by  Sulzer,  but  excited  Uttle  attention ; 
bough,  perhaps,  it  exhibited  the  germ  of  the  future  science 
a  more  striking  form ;  showing  what  different  fruits  are  pro- 
oed  by  accidental  seeds,  when  they  fall  upon  a  mental  soil 
(prepared  for  their  reception,  and  upon  one  fitted  by  proper 
Iture. 

§  685.  In  these  experiments,  no  effects  are  observed 
)m  separate  pieces  of  metal  of  the  same  kind,  and  the  con- 
actions  are  most  powerful  when  those  metals  which  are  most 
fficultly  acted  upon  by  acids  are  opposed  to  others  which  are 
iiily  acted  upon.  The  fluids  of  the  animal  body  act  the  part 
'  the  dilute  acid  between  the  plates  in  the  single  circuit. 

§  686.  We  have  now  to  consider  how  the  impulse  which 
derived  from  the  zinc  is  transmitted  through  the  liquid  to 
le  platinum;  and  how  we  may  account  for  the  extraordinary 
tct  that  the  radicle  of  a  portion  of  acid  combines  with  the 
wncr,  while  the  equivalent  hydrogen,  with  which  it  was  asso- 
rted, is  evolved  upon  the  distant  surface  of  the  latter. 

No  visible  transfer  of  the  disunited  elements  takes  place, 
wl  if  the  vessel  which  contains  the  acid  be  divided  by  a 
<^phragm  of  bladder,  or  a  partition  of  porous  earthenware,  or 
her  substance  capable  of  imbibing  the  liquid,  and  the  two 
^tes  be  placed  on  its  opposite  sides,  no  impediment  arises  to 
«  extraordinary  separation. 


i 


472  TRANSFER  OF  ELEMENT8. 

11ie  furcc  must  be  conceived  to  travel  in  this  part  oE  it> 
circuit  by  a  species  of  convection,  of  whicli  a  mechanical  iUiu- 
tretion  again  may  assist  us  in  fonning  a  first  notion.  Vihta  t 
number  of  ivory  balls  are  freely  suspended  in  a  row  bo  as  jtutto 
touch  one  another,  if  an  impulse  be  given  to  one  of  the  eitreiM 
ones  by  striking  it  with  a  hard  substance,  the  force  will  bt 
communicated  from  ball  to  ball  nithout  disturbing  them,  till  it 
reaches  the  most  distant,  which  will  fly  off  under  its  full  inflo- 
ence.  Such  analogies  are  but  remote,  and  must  not  be  strainal 
too  fiir;  but  thus  we  may  conceive  that  the  force  of  affiaitf 
receives  an  impulse  in  a  certain  direction,  which  enables  tk 
hydrogen  of  the  first  particle  of  aqueo-acid  which  underpxi 
decomposition  to  combine  momentarily  with  the  radicle  tt 
the  next  particle  in  succession  ^  the  hydrogen  of  this  again  vid 
the  radicle  of  the  next;  and  so  on,  till  the  last  particle  of 
liydrogen  communicates  the  impulse  to  the  platinum,  lad 
escapes  in  its  own  elastic  form. 

The  force  thus  taken  up  by  the  conducting  plate,  ii  tnn- 
mittcd  along  the  connecting  wire,  with  the  phenomena  vtiA 
we  have  described,  back  to  the  zinc,  and  thus  the  circuit  ii 
completed. 

§  6U7-  l^e  imperfection  of  verbal  communication  oUip* 
us  to  describe  these  phenomena  as  successive,  whereas  they  m 
sensibly  contemporaneous.  The  generated  force  ia  cominxiif 
described  as  a  current,  as  of  some  imponderable  fluid,  ianf 
from  the  zinc  through  the  liquid  to  the  platinum,  and  Ink 
again  through  the  wire  to  the  tdnc.  The  current  may  atCMlf 
be  conceived  to  be  made  up  of  a  tnicceasion  of  impulset,  em- 
municated  to  a  distance  through  appropriate  conductors  ■  ^ 
the  perpetual  generation  of  a  fluid;  so,  on  the  other  hand,  tke 
vibrations  of  an  elastic  body  might  be  deemed  a  eonait  tf 
mechanical  force,  and  all  the  phenomena  of  BOimd  ajttK^t 
upon  the  hypothesis  of  an  acoustic  fluid. 

The  expression,  however,  of  a  current  is  verj-  convenioiti 
and  when  thtis  guarded  cannot  well  lead  to  misap prehension. 

4  688.  The  amount  of  force  set  in  circulation,  as  measoreJ 
either  by  the  one  consumed,  or  the  hydrogen  diaaijja^  ■" 
given  times,  or  by  ita  instantaneouR  heating  or  mignt^ 
effects,  ia  dependent  upon  ihe  luifuee  of  the  pUtes  imninx<l 
in  the  liquid,  nipponng  them  of  equal  sizes  and  ai  eqiul  ^ 
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tances  from  each  other.  It  will  at  once  be  perceived  that  the 
size  of  the  plates  determines,  in  fact,  the  area  of  the  section  of 
the  liquid  portion  of  the  circuit ;  the  resistance  of  which  infi- 
nitely exceeding  that  of  the  metallic  portion  is,  according  to  the 
law  which  we  have  just  stated,  inversely  proportioned  to  such 
urea.  It  is  not,  of  course,  necessary  that  the  metal  surfaces 
ihould  have  any  exact  geometric  figure;  though  our  future 
investigations  will  require  that  we  should  limit  them  by  geome- 
tiic  relations.  The  precise  expressions  of  experimental  results 
ivfaich  are  thus  attainable,  have  brought  this  department  of 
shemical  philosophy  within  the  dominion  of  mathematical 
salculation,  and  inspired  new  hopes  of  the  rapid  advance  of  the 
science.  The  amount  of  force  also  decreases  with  the  distance 
3f  the  plates,  or  the  length  of  the  liquid  conductor,  to  which 
:ihe  resistance  is  directly  proportionate. 

§  689.  If  plates  of  a  certain  extent  of  surface,  instead  of 
being  immersed  in  one  cell  of  liquid,  be  cut  into  several  equal 
purs  and  placed  in  separate  cells,  and  all  the  zinc  plates  be 
connected  together  by  metallic  wires,  and  all  the  platinum 
similarly  connected,  no  action  will  ensue  till  the  two  sets  are 
nlso  connected  together  by  another  wire;  but  when  this  has 
tieen  effected,  the  amount  of  circulating  force  will  be  sensibly 
tiie  same  as  before.  A  galvanometer  placed  between  any  two 
similar  plates,  will  indicate  that  the  current  passes  from  one  to 
fie  other,  and  when  placed  between  the  opposite  sets,  that  the 
currents  of  all  are  united  in  its  wire.  When  arranged  in  this 
manner,  it  is  not  essential  that  all  the  pairs  should  be  of  the 
wune  dimensions,  for  the  actions  of  all,  however  unequal,  may 
fhos  be  combined. 

§  690.  It  is  obvious  that  a  second  zinc  plate  cannot 
Terform  the  functions  of  a  conducting  plate  to  the  first,  because 
it  will  itself  tend  to  generate  a  current  of  exactly  equal  power 
in  the  opposite  direction,  and  the  powers  at  the  two  places  of 
^on  being  in  direct  communication  will  be  balanced  against 
each  other  through  the  medium  of  the  metals,  in  a  manner 
ttialogous  to  that  in  which  mechanical  forces  are  balanced 
igainst  each  other  by  the  intervention  of  the  lever.  But  any 
metal  which  has  a  stronger  affinity  for  the  radicle  of  the  acid 
than  platinum,  provided  it  be  less  than  that  of  zinc,  may  be 
substituted  for  it.     Thus,  copper  when  opposed  to  platinum  is 
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capable  of  generating  a  feeble  current;  but  when  opposed  to 
zinc  will  become  an  efficient  conducting  plate.  Its  attraction, 
however,  for  the  radicle,  though  counteracted,  will  act  as  id 
antagonist  force  and  check  the  current;  and  another  kind  of 
resistance  to  the  passage  of  the  current  is  introduced  to  om 
notice  by  this  tendency  to  a  counter  current. 

§  691.  As  current  affinity  is  thus  liable  to  be  checked  in 
its  course  by  the  tendency  of  an  opposing  affinity,  so  msy  it  be 
assisted  by  the  more  speedy  removal  from  its  circuit  of  the 
disengaged  hydrogen  which,  by  its  adhesion  to  the  conductii^ 
plate,  tends  also  to  generate  a  counter  current.  This  may  be 
effected  by  the  addition  to  the  liquid  of  a  portion  of  nitric  add; 
and  in  this  case  no  hydrogen  will  be  given  off,  and  the  eneigy 
of  the  current,  as  manifested  by  its  heating  and  magndic 
powers,  will  be  greatly  increased.  After  allonnng  such  a  chuge 
to  neutralize  itself,  by  its  action  upon  the  zinc,  and  evaporating 
the  solution  of  the  salts  which  are  formed,  the  addition  of  limt 
will  disengage  abundant  fumes  of  ammonia;  thus,  proving  iJali 
not  only  has  a  portion  of  the  hydrogen  combined  with  ibe 
oxygen  of  the  acid  to  form  water,  but  that  another  portion  lui 
combined  also  with  the  nitrogen  to  constitute  the  vola^ 
alkali. 

§  692.  The  hydrogen  may  also  be  remove\I  by  the  actioii 
of  metallic  salts;  for,  when  under  the  restraint  of  adhesion,  it 
ifl  capable  of  reducing  the  metals  from  their  saline  soluboni- 
The  formation  of  the  hydrogen,  or  any  other  substance  afsUt  I 
of  generating  an  opposing  current,  may  even  be  prevented  Iff 
the  precipitatiun  of  the  same  metal  as  that  of  which  the  ce»> 
ducting  plate  is  formed  from  one  of  its  saline  compounds.  A 
little  additional  arrangement  is,  however,  necessary  to  etiM 
this  with  predsion.  If  a  solution  of  sulphate  of  copper  he 
merely  added  to  the  liquid  in  the  cell  which  contains  the  tvo 
plates,  after  Uie  circuit  has  been  completed,  the  platinum  pUU 
will  speedily  become  coated  with  reduced  copper;  but  a  portiun 
of  tJie  metal  will  also  be  precipitated  upon  the  zinc  plate,  oiring 
to  the  hydrogen  which  still  adherea  to  its  nu&ce  from  the  local 
action:  the  consequence  will  be  that  atrong  local  action  inll 
take  place  upon  the  surftce  of  the  ainc  plate,  owing  la  small 
circuits  formed  with  the  copper  which  attaches  itself  to  it. 
If  the  cell,  however,  he  divided  into  two  equal  parts  by  i 
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tliapliragm  of  bladder,  or  porous  earthenware,  and  the  sulphate 
«f  copper  be  added  only  to  that  division  which  contains  the 
(H)nducting  plate,  the  current  will  proceed  with  increased  energy, 
and  the  hydrogen  will  be  completely  absorbed. 

«J  693.  The  removal  of  the  hydrogen  from  the  circuit 
niay  also  be  expedited  by  what  may  be  called  mechanical  means 
as  contradistinguished  from  chemical.  It  may  be  observed, 
that  the  hydrogen  which  possesses  a  strong  power  of  adhesion 
to  platinum  passes  off  from  the  comers  and  edges  of  a  plate 
^th  much  greater  facility  than  firom  its  plane  surfaces:  the 
adhesion  being  of  course  reduced  in  proportion  to  the  reduction 
©f  the  surface  of  contact:  and  we  have  already  mentioned  the 
greater  facility  ii-ith  which  vapour  passes  off  from  a  rough 
surface  than  from  a  smooth  one  (§  87).  If  tlic  surface  of  the 
pbtinum  plate  be  roughened,  or  if  platinum  be  tlirown  down 
upon  a  plate  of  silver  in  a  pulverulent,  but  still  adherent,  state, 
the  evolution  of  the  hydrogen  is  greatly  facilitated,  and  its 
cuonter-action  diminished. 

§  694.  Notwithstanding  the  extraordinary  modification 

*hich  the  force  of  affinity  undergoes  in  these   combinations, 

^''erything  is  limited  by  the  laws  of  definite   and  equivalent 

proportions.     For  every   32  grains  of  zinc  expended  in  the 

ff^neration  of  the  force,  80  grains  of  sulphate  of  zinc  are  formed, 

^d  1  grain  of  hydrogen  is  evolved;  or  else  80  grains  of  sulphate 

^  copper  are  decomposed,  and  32  parts  of  metallic  copper 

^  precipitated. 

Moreover,  if  we  compare  these  effects  of  chemical  force 
^ith  the  effects  produced  by  the  associated  forces,  we  shall  find 
hatj  if  a  certain  amount  of  tliese  compositions  and  decompo- 
itions  take  place  in  a  given  interval  of  time,  a  corresponding 
ftct  will  be  instantaneously  produced,  either  upon  the  mag- 
letic  or  calorific  galvanometer;  and  if  the  chemical  effects  ])c 
i^gmented,  the  heating  and  magnetic  effects  will  be  ])ropor- 
ionately  increased.  As  in  the  thermometer  we  adopt  the 
leuare  of  one  of  the  effects  of  heat,  viz.  expansion,  as  the 
leuaie  of  tihe  cause,  so  we  measure  the  force  of  the  current, 
idler  by  its  chemical,  its  magnetic  or  its  heating  effects. 

§  695.  The  local  circuits  which  we  have  just  pointed 
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out  as  formed  by  the  precipitation  of  the  copper  upon  the  aw 
plate,  when  not  protected  by  a  diaphragm,  will  now  explain  tk 
action  of  zinc  in  its  ordinary  state,  upon  dilute  sulphuric  ini 
Perfectly  pure  zinc  acts  exactly  the  same  as  the  amalgsmibd 
metal,  its  surface  becomes  covered  with  bubbles  of  hydrugn^ 
which  adiiere  to  it,  and  put  an  end  to  the  process  of  d«ooi- 
{wsitionj  but  particles  of  iron,  copper,  and  other  metabvhiii 
are  met  with  in  tlie  zinc  of  commerce,  constitute  so  many  pointt 
to  which  the  hydrogen  is  directed  by  the  influence  of  mO 
local  circuits,  and  the  action  proceeds.  This  local  expenditn 
uf  force  docs  not  interfere  with  that  which  passes  in  die  [m 
cipal  circuit,  and  common  zinc  may  be  employed  for  (k 
construction  of  such  circuits,  although  the  metal  which  ii 
expended  in  the  local  action  is  wasted  for  tlie  main  purposeK^ 
the  combination. 

§  69fi.  Tlie  affinities  of  other  substances  may  be  thnm 
into  circulation,  and  when  solutions  of  hydriodic,  or  hydn- 
chloric  acid,  are  substituted  for  water  acidulated  with  aulplmrie 
acid,  iodides  or  chlorides  of  zinc  are  formed,  and  their  hydrogra 
is  directed  to  the  conducting  plate.  The  conditions  of  dui 
effidency  we  shall  advert  to  more  particularly  hereafter. 

^  697.  The  most  enei^etic  affinity  unac^ompanitd  bf 
decomposition  cannot,  however,  be  thrown  into  circulatioU 
it  is  essential  that  the  Uquid  portion  of  tlie  circuit  should  bet 
compound.  The  simple  and  direct  combination  of  linc  widi 
oxygen,  or  of  zinc  with  the  radicle  of  the  acid,  cannot  be  nu^ 
to  produce  any  of  the  effects  of  a  current,  and  the  deconiposititB 
of  the  hydro-acid,  no  less  than  the  composition  of  the  alt  (f 
zinc,  is  necessary  to  this  result. 

The  affinity  of  zinc  for  chlorine  is  so  great,  that  the  mcbl 
will  spontaneously  ignite  when  introduced  into  the  ^,  bat 
zinc  and  platinum  have  been  properly  disposed  tof^tlier  n 
liquid  chlorine  without  producing  the  slightt^st  current.  It  dMs 
not  ezdte  a  current  through  the  two  plates  by  combining  *iA 
the  nno,  tor  its  particles  cannot  transfer  the  force  wbidi  i> 
active  at  the  point  of  combination,  across  to  the  platinum.  It  <* 
not  a  conductor  of  itself,  like  the  metalaj  nor  is  it  captbkirf 
transmitting  the  force  by  that  spedes  of  convection  whirhw 
have  just  described  ((  6B6) ;  and,  faenoe,tlure  is  simple  chemiai 
action  at  the  spo^  and  no  cuirent. 
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The  metals  themselves,  tho\igh  excellent  conductors,  cannot 
one  be  made  to  transfer  the  force  from  the  point  of  generation 
a  distance.  Melted  lead  and  tin  are  capable  of  combining 
th  platinum  with  great  energy  and  the  evolution  of  light  and 
at;  but  if  a  bent  tube  be  filled  with  melted  tin,  and  one 
tzemity  be  put  into  metallic  communication  with  one  wire  of 
lelicate  galvanometer,  and  a  similar  communication  be  made 
tween  the  other  and  a  plate  of  platimmi,  which  is  afterwards 
mersed  in  the  tin,  the  needle  will  be  affected  in  a  slight 
gree  at  the  first  application  of  the  heat,  from  a  cause  which 
U  be  hereafter  pointed  out,  but  will  be  no  further  disturbed 
len  the  energetic  action  between  the  two  metals  comes  on. 

§  698.  For  the  purpose  of  establishing  a  current  of  affi- 
ty,  it  is  necessary  that  the  (iivellent  substance  be  a  conductor 

electricity,  otherwise  the  force  which  is  developed  upon 
fferent  points  of  its  surface  can  never  travel  back  to  those 
lints  from  the  conducting  wire  in  which  it  has  been  collected. 
at  the  same  metal  may  perform  the  functions  both  of  a  gene- 
ling  and  conducting  plate,  provided  one  portion  of  its  surface 
s  immersed  into  a  liquid  which  it  is  capable  of  decomposing, 
hile  another  is  plunged  into  a  liquid  to  which  it  is  indifferent ; 
9th  liquids  being  also  in  contact  with  each  other :  for  the 
mvection  of  the  force  can  be  maintained  by  two  or  more 
puds  in  contact,  if  the  elements  of  the  compounds  are  inter- 
langeable  with  each  other. 

If  a  glass  tube,  of  about  an  inch  in  diameter,  be  bent  into 
le  form  of  the  letter  U,  and  the  two  legs  be  separated  by  a 
bg  of  clay,  plaster  of  Paris,  or  other  porous  material,  upon 
ffing  one  leg  with  solution  of  sulphate  of  copper  and  the  other 
rith  acidulated  water,  and  dipping  one  end  of  a  bent  strip  of 
opper  into  the  first,  and  the  other  end  into  the  second,  a  circuit 
rill  be  formed.  The  extremity  in  the  acid  will  be  slowly  dis- 
ohed,  and  the  opposite  extremity,  being  protected  from  action 
ly  the  already  saturated  state  of  the  solution  in  which  it  is  im- 
nened,  will  become  coated  with  reduced  copper ;  and  if  the 
*ip  be  divided  in  the  middle,  and  again  connected  by  the 
"TTcg  of  a  galvanometer,  the  needle  will  be  deflected  in  the  same 
fiwction  that  it  would  have  been  by  a  zinc  plate  in  the  acid. 
^a  solution  of  potassa  or  soda  be  substituted  for  the  solution 
"fBulphate  of  copper,  and  a  slip  of  zinc,  or  tin,  or  some  other 
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metal,  be  substituted  for  the  slip  of  copper,  a  current  vill  also 
be  established  (127). 

The  arrangement  of  the  circuit  maybe  more  simple  still: 
for  if  some  solution  of  sulphate  of  copper  be  poured  into  i 
straight  glass  tube,  and  some  aciduLited  water  upon  it,  m  u 
not  to  mix  the  two  liquids,  upon  immersing  a  strip  of  rc^qier 
into  both,  the  lower  part  will  become  covered  with  predpitttal 
copper,  while  the  upper  will  be  dissolved. 

§  699.  The  command  which  we  thus  obtain  over  tlx 
force  of  affinity ;  the  power  of  regulating  both  its  quantity  ud 
the  duration  of  its  action ;  the  posubility  of  directing  the  evoh- 
tion  of  some  of  the  most  energetic  agents  at  particular  point); 
and  especially  the  disengagement  of  hydrogen  in  a  state  whii 
enables  its  all-powerful  affinities  to  act  upon  surrounding  com- 
pounds, may  be  applied  to  the  production  of  compositions  and 
decompositions  which  cannot  tie  effected  by  the  more  confiiml 
and  sudden  energy  of  local  action.  In  the  simple  apparatnic' 
the  bent  tube,  which  has  been  just  described,  if  one  leg  be  Glkd 
ivith  a  solution  of  common  salt,  and  the  other  with  somo  nlii- 
tion  of  a  metallic  salt,  and  a  plate  of  zinc  be  immersed  in  tbt 
first,  and  a  plate  of  platinum  in  the  second,  on  completing  At 
circuit  by  the  metallic  communication  of  the  two  plates,  ^ 
metal  vdll  be  reduced  upon  the  latter.  On  account  of  the  ilov- 
ness  and  regularity  of  the  operation,  it  will  often  auniae  tb 
form  of  small  crj'stals  of  the  greatest  regularity  and  haetf- 
Thus,  when  protochloride  of  iron  is  submitted  to  the  pnxcn, 
after  some  days,  the  iron  will  be  precipitated  in  very  smill  teto- 
hedral  crystals,  which  are  sometimes  so  closely  grouped  to- 
gether, as  to  liave  the  appearance  of  having  been  melted  qM 
the  platinum.  Even  the  salt*  of  those  metals  which  hire  At 
strongest  attraction  for  oxygen,  may  be  reduced  by  the  ■■ 


(1S7)  The  annexed  figura  teproaeali  tlxf^'jl 
tube  bent  in  the  manner  deacribed  in  tha  tett  It 
the  lower  part  be  stopped  with  plaUer  ^{1 
and  solution  of  sulphate  of  copper  b«  potn  ' ' 
one  branch,  and  dilute  lalphuik  nai.  I 
other,  by  immening  a  slip  of  c<qiper  htio  N 
connecting  the  two  ends  v  and  r  with  1 1 
meter,  a  current  will  be  indioated. 
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[gw  process.  If  chloride  of  zirconium,  mixed  with  a  small 
uantity  of  chloride  of  iron,  be  operated  upon,  the  platinum 
ilate  slowly  assumes  a  gray  tint,  and,  at  the  expiration  of 
wenty-four  hours,  brilliant  scales  of  a  steel-gray  colour  will  be 
)erceptible.  Tliese  scales  undergo  no  change  in  the  solution, 
iolong  as  they  are  under  the  influence  of  the  current;  but 
rhen  they  are  withdrawn,  they  rapidly  oxidate  either  in  the 
lir  or  in  water  \idth  the  disengagement  of  hydrogen,  and  fall 
nto  a  white  powder. 

Tlie  skilful  application  of  these  means  has  enabled  M.  Bec- 
[uerel  to  obtain  a  variety  of  crystallized  compounds  of  different 
(ubstances,  which  are  sometimes  found  in  nature,  but  were 
lever  before  produced  by  art. 

§  700.  Dr.  Golding  Bird  has  improved  the  apparatus 
yj  which  the  circulating  force  may  be  directed  to  the  produc- 
ion  of  these  effects.  A  glass  cylinder,  1*5  inch  in  diameter, 
uid  4  inches  in  length,  is  closed  at  one  end  by  a  plug  of  plaster 
of  Paris, '7  inch  in  thickness;  this  cylinder  is  fixed  by  corks 
inside  a  cylindrical  glass  vessel,  about  8  inches  deep  and  2 
inches  in  diameter.  A  piece  of  sheet  copper,  6  inches  long  and 
3  inches  wide  (having  a  copper  conducting  wire  soldered  to  it), 
is  loosely  coiled  up  and  placed  in  the  small  cylinder ;  a  piece 
of  amalgamated  zinc,  having  also  a  conducting  vnre  soldered  to 
it,  is  placed  in  the  larger  external  cylinder.  The  latter  is  tlien 
fiUed  with  a  weak  solution  of  common  salt,  and  the  former  with 
a  saturated  solution  of  sulphate  of  copper.  When  the  two 
{dates  are  placed  in  connexion  with  the  wires  of  a  galvanometer, 
&  feeble  current  will  be  indicated,  and,  after  being  in  action 
mne  weeks,  chloride  of  zinc  will  be  found  in  the  external  cylin- 
do*,  and  beautiful  crystals  of  metallic  copper  adliering  to  the 
copper  plate  in  the  smaller  cylinder. 

Instead  of  the  galvanometer,  this  piece  of  apparatus  may  be 
connected  with  another  apparatus,  the  counterpart  of  the  first ; 
k  line  being  put  into  metallic  communication  with  a  platinum 
plate  in  the  interior  cylinder,  and  the  copper  with  a  zinc  plate 
m  die  outer;  the  outer  cylinder  of  this  second  arrangement  may 
befifled  Uke  the  second  with  the  weak  brine,  and,  in  the  inner 
qffindier  may  be  placed  the  solution  of  the  oxide,  which  it  is 
fatended  to  reduce  by  the  agency  of  the  hydrogen^  which  will 
beilowly  evolved  upon  the  surface  of  the  platinum.  MetaUic 
■ad  mckel  may  thus  be  obtained  from  their  chlo- 
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rides;  aiid  silicon  from  a  solution  of  its  fluoride  in  alcohol 
Potassium  and  sodium,  in  combination  with  mercury,  may  even 
be  obtained  in  such  an  apparatus,  by  placing  solutions  of  dieir 
chlorides  in  contact  with  that  metal. 

§  701.  If  a  solution  of  muriate  of  ammonia  be  placed  ia 
the  decomposing  cell,  with  mercury  in  contact  with  the  plati- 
num plate,  a  curious  and  striking  result  is  obtained,  upon  wiiick 
much  hypothetical  speculation  has  been  expended.  After  t 
few  hours,  the  fluid  metal  swells  up  to  five  or  six  times  its 
former  bulk.  Upon  removing  it  firom  the  cell  by  means  of  the 
plate  to  which  it  adheres,  it  is  found  to  be  of  a  buttery  ood- 
sistence,  and  to  possess  a  dull,  silvery,  colour,  like  a  metallie 
amalgam.  It  even  crystallizes  in  cubes  at  a  temperature  of  (P 
Fahr. :  when  carefully  dried  and  decomposed  over  mercury  it 
evolves  ammonia  and  hydrogen  gases  in  the  proportion  of  2 : 1, 
or  NH4.  Upon  being  immersed  in  water,  it  slowly  gives  off 
hydrogen ;  the  merciuy  returns  to  its  former  state,  and  a  soh- 
tion  of  ammonia  is  obtained. 

Tlie  same  amalgam  may  be  formed  by  dissolving  1  grain  of 
potassium  in  100  grains  of  mercury,  and  dropping  the  globule 
into  a  glass  containing  a  strong  solution  of  muriate  of  ammonii. 
It  swells  up  rapidly,  and  remains  permanent  a  suflicient  length 
of  time  to  admit  of  examination. 

§  702.  It  has  been,  and  is  still,  maintained  by  hi^ 
authorities,  that  this  product  is  a  real  metallic  amalgam ;  and 
there  are  two  views  of  the  nature  of  the  metal  with  which  the 
mercury  is  supposed  to  be  combined.  According  to  the  fint, 
nitrogen  is  supposed  to  be  a  body  compounded  of  a  metal  and 
oxygen,  which  is  decomposed  by  the  current,  the  metal  being 
evolved  upon  the  mercury,  and  combining  with  it.  Whea 
thrown  into  water,  it  takes  oxygen  from  it,  and  nitrogen  is 
reproduced,  which,  with  part  of  the  hydrogen,  forms  ammonii} 
and  another  part  escapes.  Every  effort  has,  however,  flailed  to 
produce  this  supposed  metal  in  the  separate  state. 

§  703.  The  second  view  supposes  that  ammonia  (NHJ 
unites  with  an  additional  equivalent  of  hydrogen  to  constitute  ft 
metal  (NH4),  which  forms  the  amalgam  with  the  mercovj* 
This  imaginary  compound  has  been  named  ammonium;  ^ 
this  hypothesis  considers  oxide  of  ammonium  (NH4O)  to  be  the 
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of  all  the  salts  of  ammonia.  As  these  salts  generally 
ontain  1  equivalent  of  water,  their  analysis  will  not  contradict 
tie  assumption,  for 

NH,0  =   Nn3lI0 

According  to  the  binary  theory  of  salts,  however,  NH4O,  in 
ombining  with  a  hydro-acid,  as  HCl,  or  with  an  aqueo-acid,  as 
ISO4,  behaves  as  metallic  saline  bases,  and  unites  with  the 
ftdicle,  throwing  off  its  oxygen  to  form  water  with  the  hydro- 
en^as 

NH4,  SO4  +  HO 

§  704.  There  is  something  startling,  perhaps,  to  our  pre- 
Dnceived  notions,  in  thus  supposing  that  a  permanent  gas  like 
3^drogen,  or  a  combination  of  permanent  gases,  may  have  any- 
ling  of  the  nature  of  metals,  but  the  view  is  not  wanting  in 
Irong  analogies  for  its  support.  In  the  first  place,  we  have 
MD,  and  we  shall  hereafter  adduce  still  further  evidence  to 
how,  how  completely  hydrogen  may  be  substituted  for  metals 
1  all  chemical  combinations. 

In  the  second  place,  it  is  the  only  simple  substance,  as  we 
ball  presently  show,  that  follows  the  same  course  as  the  metals 
D  the  circuit  which  we  are  now  investigating. 

And  in  the  third  place,  it  differs  in  nothing  from  mercury 
D  a  state  of  vapour,  except  its  density,  and  the  lowncss  of  its 
loint  of  vaporization .  The  vapour  of  mercury  at  its  boiUng-pouit, 
Its  none  of  those  characters  which  we  are  apt  to  suppose  ought 
vedominantly  to  distinguish  a  metal;  it  is  perfectly  transparent 
md  colourless,  and  moreover,  it  is  a  perfect  non-conductor  of 
electricity. 

§  705.  In  the  phenomena  of  current  affinity,  which  we 
bare  hitherto  considered,  the  generating  and  conducting  plates 
btve  been  assumed  to  be  of  the  same  dimensions,  but  the  rela- 
tive size  and  position  of  these  surfaces  are  important  circum- 
iteces  in  the  arrangement,  and  greatly  influence  the  amount  of 
brce  thrown  into  circulation. 

Upon  examining  a  plate  of  platinum,  which  has  been 
■cparated  from  a  zinc  plate  by  a  diaphragm,  in  the  manner 
Wore  described,  (§  692),  and  surrounded  with  sulphate  of 
^^Vper,  after  it  has  been  thrown  into  action,  it  will  be  found 
^  the  reduced  copper  has  not  only  been  precipitated  upon 
^fiM»  opposed  to  the  zinc,  but  upon  the  back  surface  also; 

2  I 
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proving  that  the  force  by  which  the  metal  was  transported  hii 
not  only  been  directed  in  straight  lines  between  the  two  platOy 
but  in  lines  which  must  have  bent  round  the  edges  of  the  con- 
ducting plate.  This  spread  and  direction  of  the  force  is  a  hig^ 
interesting  subject  of  investigation. 

§  706.  If  a  large  silver^  or  brass^  plate^  at  least  a  foot 
square,  be  placed  in  a  shallow  trough  and  covered  with  iSiM 
sulphuric  acid,  to  which  a  portion  of  sulphate  of  copper  bii 
been  added,  and  an  amalgamated  zinc  wire,  of  about  one-ei^ 
inch  diameter,  be  allowed  to  rest  by  one  of  its  ends  upon  iti 
centre,  the  instant  the  two  metals  come  into  contact,  a  cimlir 
spot  of  reduced  copper  will  be  thrown  down,  and  rapidly  spreid 
itself  in  such  a  way  that,  in  a  few  hours,  a  well-defined  circle  of 
sis  inches  in  diameter  will  be  formed.  When  the  expenmeil 
is  made  by  inclosing  the  zinc  wire  in  a  glass  tube,  the  knnr 
end  of  which  is  covered  with  bladder  and  filled  with  the  dihll 
acid,  so  as  to  prevent  the  immediate  contact  with  the  plal%! 
provided  a  good  metallic  contact  be  made  by  means  of  a  oo»> 
ducting  wire  with  any  other  part,  the  precipitation  will  stil 
proceed  from  the  point  immediately  under  the  wire  as  from  a 
centre. 

Again. — If  a  small  piece  of  zinc,  whose  length  is  somewhil 
greater  than  its  \i4dth,  be  soldered  to  the  centre  of  a  silver  phiB  j 
of  about  six  inches  square,  and  it  be  placed  perpendicularly  in  t  ; 
jar,  and  covered  with  the  solution  of  copper  in  acidulated  wato^  . 
the  copper  will  immediately  precipitate  itself  upon  the  silver  ii 
the  form  of  an  oval  surrounding  the  zinc,  and  gradually  exteDl- 
ing  itself  equally  on  all  sides,  will,  in  a  few  hours,  reach  tk 
edge  of  the  plate.  It  will  then  make  its  appearance  upon  Ae 
opposite  surface,  till,  ultimately,  both  sides  are  coated;  the 
deposition,  however,  decreasing  in  thickness,  as  it  recedes  bm 
the  central  zinc. 

§  707-  This  influence  of  a  small  generating  sur&ce  1901 
a  large  conducting  one,  was  most  ingeniously  applied  by  Sf 
Humphry  Davy,  to  the  prevention  of  that  corrosion  of  til 
copper  sheathing  of  ships,  which  takes  place  in  salt  water  to 
such  an  extent  as  to  be  a  matter  of  national  concern.  Bf 
placing  masses  of  zinc  or  cast-iron  upon  the  ships'  bows,  td 
near  the  stern,  in  contact  with  the  copper,  and  ezposiif  > 
surface  of  not  more  than  y+o  t**  of  that  of  the  latter  metil,  * 
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IS  completely  protected.  Unfortunately^  however^  along  with 
ie  hydrogen,  which  was  thus  diffused  over  the  surface  of  the 
[ypper,  a  quantity  of  the  earthy  bases  of  the  saline  compounds 
hich  are  contained  in  sea  water,  were  determined  to  the  same 
irCsice,  and  formed  a  crust,  which  is  most  favourable  to  the 
Ihesion  of  weeds,  and  of  certain  marine  animals,  which  impede 
le  sailing  of  a  ship.  On  this  account,  the  use  of  the  pro- 
ctors was  given  up;  but  probably  too  hastily,  for,  by  insu- 
ting  the  generating  metal,  it  would  be  easy  to  contrive  the 
leans  of  bringing  it  into  activity,  by  a  temporary  connexion,  at 
Kh  times  only  as  its  influence  could  not  fail  of  being  beneficial. 

§  708.  From  the  disposition  which  is  manifested  by  the 
voe,  in  these  experiments,  to  spread  itself  equally  in  all 
sections  from  an  active  centre,  it  might  be  concluded,  that 
le  most  simple  and  perfect  combination  of  this  kind  would 
lobably  consist  of  a  solid  sphere  (or  rather  active  point)  of  a 
eaorating  metal,  surrounded  by  a  hollow  sphere  of  an  inactive 
onducting  metal,  with  an  intervening  liquid,  capable  of  decom- 
Mtion  by  the  former,  and  not  by  the  latter;  the  circuit  being 
ompleted  by  a  conducting  wire  properly  disposed  for  connect- 
Dg  the  two  metals,  for  if  we  carefully  observe  the  effect  which 
I  produced  by  a  large  flat  circular  conducting  plate,  opposed  to 
.  mere  point  of  active  metal,  and  recollect  the  law  of  the 
■crease  of  distance  between  the  two,  it  would  at  once  strike  us, 
iMft  by  gathering  up  the  conducting  plate,  as  it  were,  into  the 
Qim  of  a  hemisphere,  we  should  necessarily  approximate  the 
in>  in  such  a  way  as  greatly  to  increase  the  efiiciency  of  the 
SBnent;  as,  supposing  the  extent  of  surface  to  remain  the  same, 
k  depth  of  the  conducting  liquid  would  be  diminished.  It 
foold  also  appear  that  a  second  hemisphere  opposed  to  the 
ionner,  so  as  to  constitute  a  hollow  sphere  surrounding  the 
•ctive  point  in  the  centre,  would  add  to  the  conducting  surface 
vifliout  increasing  the  depth  of  the  liquid,  which  would  always 
^  equal  to  the  radius  of  the  sphere.  The  properties  of  such 
*  circuit  may  be  submitted  to  experimental  examination,  by 
^tais  of  the  following  arrangement. 

Two  hoUow  hemispheres  of  brass  are  fitted  together  water- 
iftt,  by  means  of  exterior  flanges  half  an  inch  wide,  and  a 
t^Uar  of  leather,  and  thus  form  a  sphere,  the  interior  diameter 
^  which  is  9J  inches;  consequently  exposing  a  surface  of  about 
^8^  square  inches.    The  lower  hemisphere  is  fitted  into  a 

2  1  2 
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nmunfr  be  vioc^  At  vpper  cui  be  aecufif 
sosfsL  Drwx  ujNiL  3L:  BZi£  izzidemeBXli  these  is  a  small  ood^ 
rn-  -rinrn.  mrr  junzif  ic  I2ie  imeiMif  mar  be  drawn  off.  TVi 
xauisr  Tiun  x  ^iif  TXftsnear  Wui.'iiJi^ip  tenninates  in  a  tube  m 
liitmc  nuf  TTi>n  iL  jenr^ii-  ^"  mii^g  an  opening  through  whickt 
msmzEsiinra  bar  mar  w  inODdaccd.  and  firom  which  it  wtj 
vt  sjszcnDssL.  T^is  \ms  is  thai  ehaiged  with  a  mixtme  d 
munjvrjz  ii=i£  vnz  wser.  cxnkssszns  of  one  measure  of  thi 
yxmer  sui  ^asxt:  of  TZie  iaoer.  wai  d>e  unoccapied  part  of  M, 
icmert  a^  £!*»£  tncx  laie  sane  Buxtaic.  saturated  with  sd^ihK 

t  rif^  Wiies  a  small  sphere  of  amalgamated  zinc,  ofort^ 
Tnrr.  gramreg  sEid  cxposazo:.  therefare,  a  smfure  €S  3.14  sqptfl 
iBfShss  «  3$  «2s?ie»kd  br  KKans  of  a  w^eD-Tamished  copper  «■! 
=1  ^at  cez.ynt  kC  ^ae  sphere  so  amngedy  and  the  other  olit*^ 
acfiT  cf  1^  wire  is  cooaecttd  br  the  interrention  of  a  gabaa^ 
EMCer  wnh  tbe  cmsade  of  the  upper  hemisphere,  the  needle  vl 
be  dne^sed  ro  a  cestain  amoonU  sar  G0^«  and  will  remain  qiill! 
scsadr  tor  zranT  boors.  If  the  apparatns  be  then  opened  tti 
exazciDed.  the  i^per  hemisphere  will  be  found  coated  witb  t 
beassif:d  depos^don  of  psnk  copper.  The  lower  hemispbefe^  \ 
which  was  c^zt  off  from  metallic  communication  with  the  upper  ; 
by  the  collar  of  leather.  wiU  have  no  such  precipitate  upon  it 

§  710.  If  the  sphere  be  then  put  together  agab,  ^ 
charged  as  before,  and  the   circuit  be  closed  as  in  the  W 
instance,  with  the  upper  hemisphere,  the  deviation  of  the  neflJi 
will  of  course  be  the  same.     If  the  connexion  be  then  Imta 
with  die  upper  hemisphere,  and  made  with  the  lower,  the  don- 
ation will  still  be  60^,  and  when  connexion  is  made  at  the  saiv 
time  with  both  hemispheres,  the  position  of  the  needle  will  not 
alter.     If,  while  in  this  state,  either  wire  be  lifted  singly  froa 
its  connexion  with  either  hemisphere,  the  needle  will  reotf* 
perfectly  steady. 

f  71 1-  Upon  bringing  the  conducting  wire  of  the  iBiti^ 
hemisphere  into  direct  communication  with  that  of  the  wac 
ball,  while  the  wire  of  the  upper  hemisphere  is  connected* 
before  with  the  galvanometer,  or  rice  versay  the  needle  wiDeJf 
recede  to  40°.  From  this  it  appears  that,  although  die  vkok 
amount  of  the  force  originating  at  the  zinc  is  capable  of  p^^ 
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Of  by  means  of  either  hemisphere  singly^  it  distributes  itself 
Btween  the  two^  when  both  passages  are  open^  notwithstanding 
I  additional  resistance  is  interposed  in  one  by  the  addition  of 
le  galvanometer.  Extra  contacts  with  different  parts  of  the 
ro  hemispheres  make  no  difference  in  any  of  these  results. 

§  712.  When  the  sphere  is  opened,  after  it  has  been  in 
Ition  for  some  time  with  both  the  hemispheres  connected,  an 
pnl  coating  of  copper  is  found  equally  diffused  over  each. 
here  will  be  no  greater  accumulation  of  the  precipitate  about 
le  points  with  which  the  conducting  wires  were  brought  into 
Dmediate  contact,  and  towards  which  the  force  diffused  over 
le  sphere  must  have  converged,  than  at  any  other  point; 
nmng  that  the  force  which  must  have  diverged  from  the 
ntre  equally  through  the  liquid,  could  only  have  drawn 
swards  the  conducting  wires  in  the  conducting  sphere  itself. 

If  two  zinc  balls  be  placed  in  the  position  of  the  single  one, 
r  if  a  rod  of  the  same  amalgamated  metal,  six  inches  in  length 
■d  half  an  inch  in  diameter,  be  substituted  for  it,  the  increase 
'  Ae  generating  surface  will  make  very  little  difference  in  the 
tmoont  of  the  circulating  force. 

§  713.  If,  when  both  the  hemispheres  are  in  metallic 
mimunication,  the  position  of  the  zinc  ball  within  be  varied, 
t  irill  be  found  that,  whatever  be  the  change,  no  difference  in 
iilie  result  will  ensue.  Whether  it  be  placed  at  the  bottom  of 
dbe  membrane  almost  in  contact  with  the  sphere,  or  drawn  up 
Mriy  to  the  top,  or  again  placed  in  the  centre,  no  appreciable 
rileration  in  the  galvanometer  will  be  found.  The  mean  area  of 
^  section  of  the  conducting  liquid  will  be  the  same  in  all 


§  714.  The  diffusion  of  the  precipitated  copper  is,  how- 
^r,  very  much  influenced  by  the  position  of  the  ball;  when 
^•ar  the  top  or  the  bottom  it  is  thrown  down  in  a  compact 
■^yer  on  the  segment  immediately  in  its  vicinity,  and  becomes 
dinner  and  thinner  over  the  more  remote  parts  of  the  sphere. 
o  observe  this  effect  with  the  greatest  distinctness,  the  action 
^  each  case  must  not  be  allowed  to  continue  more  than  ten  or 
fteen  minutes;  for  the  deposition  becomes  compact  in  every 
'^rt  in  a  longer  time,  when  it  is  not  so  easy  to  judge  of  the 
Afferent  d^rees  of  thickness. 
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§  715.  If  we  imagine  a  luminous  point  placed  iii  the 
same  way  within  an  opaque  hollow  sphere^  we  know  that  in 
every  position  its  intensity  would  remain  the  same,  but  only 
from  the  centre  would  its  light  be  equally  diffused ;  and  when 
approximated  towards  any  part  of  the  surface,  that  ])art  would 
be  more  strongly  illuminated  than  the  others  from  which  it  had 
receded. 

Hence  it  is  prol}able  that  the  force  generated  in  these  com- 
binationSj  where  it  is  limited  in  its  diffusion  by  the  concare 
surfaces  of  spherical  forms^  follows  in  its  action  the  law  d 
radiant  forces,  that  is,  its  intensity  is  as  the  inverse  square  of 
the  distance  (§  27) ;  but  we  know  at  the  same  time  that  it  b 
not  a  simple  radiant  force,  like  tliat  of  gravity,  but  a  molecnltf 
force,  propagated  from  particle  to  particle  of  matter^  and  poi- 
sibly  modified  by  other  forces  with  which  the  same  paitidei 
may  be  endowed. 

We  have  already  found  the  force  bending  its  way  round  die 
edges  of  a  conducting  plate,  as  indicated  by  the  copper  predr 
pitated  upon  its  posterior  surface^  in  a  way  which  cannot  be 
explained  by  the  hypotheses  of  simple  radiation.  This  actkm 
may  receive  some  further  elucidation  from  the  followiDg  expe- 
riments : — 

§  7 16.  A  circular  plate  of  copper^  of  the  same  dtameler 
as  the  brass  sphere^  was  placed  in  a  pan,  and  covered  wiA  1 
depth  of  4^  inches  of  the  acid  solution  of  copper.  A  wiifb 
well  covered  with  varnish^  projected  firom  it,  by  which  iti« 
connected  with  a  calorific  galvanometer^  the  other  extrenufef  if 
which  was  in  connexion  with  a  zinc  ball  of  1^  inch  diiiirtni 
placed  in  a  membranous  bag  of  acid  over  the  centre  of  fli 
plate.  When  the  ball  was  just  immersed  below  the  general  bid 
of  the  solution,  the  instrument  marked  82^^  when  in  the  mitt 
92°,  and  at  the  bottom,  close  to  the  plate^  105^. 

After  these  experiments  the  copper  was  found  diffiiied  ontf 
both  sides  of  the  plate^  but  did  not  quite  extend  to  the  eertii 
of  the  under  side. 

§  717-  The  upper  surface  of  the  phta  lynrnf  Iw 
thoroughly  covered  with  lac-vamiahj  the  experimail  i9|fW 
peated  with  the  following  results ; —  til^ 

Bdl  at  top  .  60^  vp^ 

„    middle      .         .         JS"  ,     .J^ii!?;!; 

„    bottom  .        70^  V ' 
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Fhe  precipitated  copper  was  here  found  deposited  upon  the 
mder  side,  in  a  ring  about  two  inches  in  breadth  from  the  edge, 
ind  there  was  very  little  in  the  centre  of  the  plate  and  none 
ipon  the  upper  surface. 

The  under  surface  was  then  covered  with  the  varnish,  and 
lie  clean  upper  surface  exposed,  with  the  following  results  — 

Ball  at  top  ...  73° 
„  middle  .  .  83° 
„     bottom      .         .         93° 

§  718.  Hence  it  appears  that  the  under  surface,  which 
wy  itself  is  capable  of  sustaining  an  action  from  the  ball  in  the 
ientre  of  the  solution  nearly  as  great  as  the  upper  surface, 
ilien  combined  with  the  latter,  adds  no  more  than  10°,  or 
ilKMit  one-eighth,  to  its  efficiency.  It  appears  also  that  whereas 
iith  the  upper  surface  the  action  increases  in  some  inverse 
atio  of  the  distance  of  the  generating  from  the  conducting 
or&ce,  with  the  under  surface  there  is  a  maximum  point,  on 
■oth  sides  of  which  it  decreases.  This  point  is  doubtless 
kpendent  upon  the  angle  at  which  the  force,  which  radiates 
fB  it  were)  from  the  ball,  meets  the  edge  of  the  plate. 

§  719-  Next  in  simplicity  to  the  arrangement  of  the 
concentric  spheres  of  generating  and  conducting  metals,  is  that 
it  a  rod  of  zinc  within  a  cylinder  of  copper.  When  the  latter 
m  six  inches  in  height,  and  eleven  inches  in  circumference,  and 
9ie  rod  of  the  former,  of  the  same  height  and  half  an  inch  in 
Sameter,  is  placed  in  a  membranous  cell  in  its  interior,  the 
wbo]e  being  charged  with  acid  and  solution  of  copper  as  before, 
fte  amount  of  circulating  force  is  nearly  tlie  same  as  in  the 
iphere  before  described.  This  arrangement  is  of  course  much 
■we  convenient  for  the  purposes  of  experiment  than  the 
kmer:  and  its  known  geometrical  relations  adapt  themselves 
ittdily  to  mathematical  calculations. 

§  720.  We  will  now  proceed  to  show  how  these  may  be 
^lied  in  a  perfectly  elementary  manner,  and  what  beautiful 
ituplicity  and  precision  our  subject  assumes  when  we  are  able 
)  submit  its  results  to  the  correction  of  strict  mathematical 
^inonstration.  We  are  indebted  to  Professor  Ohm,  of  Nurem- 
feTg,  for  the  simple  formula  which  will  be  our  guide  in  pur- 
^ng  the  remainder  of  this  investigation. 

It  is  obvious  that  in  studying  the  phenomena  of  current 
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affinitv  we  have  to  do  with  an  active  force  and  with  o 
resistances  to  that  force,  as  has  been  already  pointed  oat 
is  equally  clear  that  the  effect  produced,  or  the  amount  of 
performed,  by  such  a  combination,  as  indeed  by  all  other  n 
forces,  must  be  directly  proportioned  to  the  force  and  iuy« 
to  the  resistances ;  and  such  proportions  may  be  represent 
a  verv  usual  way  by  a  fraction,  the  value  of  which  varies  di 
as  the  numerator  and  inversely  as  the  denominator ;  as 

R  +  r 

In  which  equation  E  represents  the  electromotive  force 
has  been  termed,  or  approximatively  the  force  of  al 
l)etween  the  active  metal  and  one  of  the  ingredients  o 
liquid  compound  u|K)n  which  it  acts ;  R  the  resistances  i 
cell  (consisting  principally  of  the  affinity  of  the  ingrediei 
the  liquid  compound  for  each  other  to  be  overcome): 
amount  of  exterior  resistances  (such  as  that  of  the  wir 
which  the  connexion  between  the  generating  and  oondi 
plates  is  made) ;  and  A  the  effective  force,  measured  h 
effect  produced  or  work  performed.  The  distinction  c 
resistances  into  two  kinds,  interior  and  exterior,  R  and  r, 
great  importance,  inasmuch  as  they  are  not  influenced  I 
same  circumstances,  and  we  are  thus  enabled  to  deal  with 
as  independent  quantities. 

§  721-  But  it  is  desirable  to  carry  this  analysis  a 
further,  and  to  consider  that  E  does  not  strictly  represei 
force  of  affinity  between  the  active  metal  and  one  of  the 
ponent  parts  of  the  liquid,  but  the  balance  of  several  t 
forces  in  the  cell : — 

1st.  The  superior  affinity  of  the  generating  plate  for  o 
the  ingredients,  which  we  may  designate  as  B. 

2ndly.  As  the  conducting  plate  itself  can  rarely,  if  evf 
considered  as  indifferent  to  the  same  ingredient,  this  ini 
affinity  must  be  taken  into  account,  and  represented  by  b. 

3rdly.  The  affinity  of  the  constituent  of  the  liquid  exi 
upon  the  conducting  plate  for  the  other  constituent  is 
combines  with  the  generating  plate,  must  also  be  estimated, 
called  &.  The  two  last  tend  to  produce  a  current  in  the  (^ 
site  direction  to  B ; 

therefore   E  =    B    -    (A  -f  v)  or, 

B    -     A  -  c' 
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Again :  R^  or  the  resistance  in  the  cell,  varies  directly  as  the 

depth  of  the  liquid  (or  the  distance  between  the  generating  and 

conducting  plates),  which  we  wiU  call  D,  and  inversely  as  the  area 

of  tlie  section  of  the  liquid,  which  may  be  represented  by  S,  and 

these  ratios  may  then  be  represented  as  before  by  a  fraction ;  as 

R-     ^ 
R-    ^     ♦ 

r  represents  all  the  exterior  resistances ;  and  in  our  present 
investigation  is  confined  to  that  of  the  wire  of  communication 
between  the  generating  and  conducting  plates.  It  also  varies  in- 
versely as  the  area  of  the  section  (t,  e,  the  square  of  the  diameter), 
which  may  be  designated  by  8,  and  directly  as  the  length  /, 
or  distance  throiigh  which  the  current  passes  out  of  the  cell ; 

therefore  r  =     — 

§  722*  Let  us  now  inquire  particularly  what  it  is  we 
mean  by  the  section  of  the  liquid  conductor.  The  limits  of  the 
section  of  tlie  metallic  conductor  are  strict  and  easily  deter- 
mined ;  but  taking  into  consideration  the  diffusive  nature  of  the 
force  which  we  have  just  illustrated,  and  which  we  have  even 
traced  to  the  back  surface  of  a  conducting  plate  opposed  to  a 
mere  point  of  generating  metal,  it  is  not  at  once  apparent  how 
the  limits  of  the  action  are  to  be  defined. 

In  a  cell  composed  of  a  generating  metal,  with  a  conducting 
plate  of  equal  dimensions,  the  interposed  liquid  only  wetting 
&  opposite  faces  of  the  two  metals,  the  area  of  the  section  of 
tbe  liquid  will  clearly  be  equal  to  the  area  of  the  acting  surface 
tf  the  conducting  plate.  In  case  the  two  metals  should  be  im- 
lAQBed  in  a  trough  in  such  a  manner  as  to  allow  of  the  liquid 
lacing  in  contact  with  both  sides  of  the  plates,  it  is  also  probable 
Alt  the  action  of  the  back  surfaces  might  be  disregarded  without 
duiger  of  material  error  in  our  calculations ;  although  we  know, 
*  te,  that  they  would  not  be  wholly  passive :  up  to  this  point, 
ttmfarej  there  is  no  difficulty  in  the  application  of  the  formula ; 
far  by  doubling  the  sise  of  the  plates  we  double  the  area  of  the 
Wion  and  halve  the  internal  resistance,  and 

E 


I 


E 


becomes  B  +  r 


»+r  2 


^  TW  Ti^smiii  of  the  liquid  is  here  Mnimod  to  bo  conatani;  bat  in 

a  ilk  MMiftD  for  dillerant  liqiuds,  and  depends  upon  the  naliire  of  the 
ik  4ip«e  of  sitaatioii  (if  a  soliilioD),  and  the  tampentsK. 
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§  7^3.  But  how  are  we  to  detennine  the  area  of  tbe 
section  of  the  liquid  part  of  the  circuit  when  the  surfaces  of  the 
generating  and  conducting  plates  are  not  equal  ?  as  for  instano^ 
in  the  case  of  a  rod  of  zinc  placed  within  a  cylinder  of  copper! 
Is  it  referrible  solely  to  the  surface  of  the  conducting  plater  et 
is  it  limited  by  the  mean  of  the  surfaces  of  the  two  plates?  It 
the  latter ;  it  is  clear  that  the  result  would  be  the  same  whdltf 
the  generating  or  conducting  plate  were  the  larger  of  thetii» 
A  rod  of  platinum  placed  within  a  cylinder  of  zinc  ought  ti 
circulate  the  same  amount  of  force  as  a  rod  of  zinc  [daoel 
within  a  cylinder  of  copper ;  the  dimensions  in  both  cases  heaf 
respectively  the  same.  An  appeal  here  lies  to  experimeil^ 
which  accordingly  has  been  made  in  the  following  way :  HoDor 
cylinders  of  amalgamated  zinc  with  platinum  wire,  and  wini 
of  amalgamated  zinc  with  platiniun  cylinders,  were  constructed 
all  of  equal  heights ;  the  liquid  in  contact  with  the  zinc  coa- 
sisted  of  dilute  sulphuric  acid  (8  water  1  acid)  separated  bja 
porous  tube  from  strong  nitric  acid  in  contact  with  the  platmunii 
The  contact  between  the  metals  was  made  by  a  Breguef  s  the^ 
mometer,  adapted  (§  144)  to  the  purpose  of  showing  the 
amount  of  circulating  force,  or  A  of  the  formula,  by  the  difr 
rence  of  temperature  between  the  tw^o  metals  of  which  it  w» 
composed.    The  results  are  shown  in  the  following  table  :— 

Table  XLII. 


Diameter  of 
Zinc. 

Diameter  of 
Platinum. 

Degrees  of  Thermometer. 

inches. 

wire 
wire 

H 

wire 

n 

H 

wire 

o 
274  Mean  of  three  obsenratioBk 

255  Mean  of  three  obsenratioiii* 

279 

273 

270  Mean. 

The  needle  always  returned  after  each  experiment  to  tk 
degree  from  which  it  started.  There  can  be  no  difficoltf  >■ 
taking  these  results  as  sensibly  equal ;  and  it  is  therefore  eni^ 
that  a  wire  of  platinum  placed  within  a  cylinder  of  zinc  «^ 
blished  a  current  of  exactiy  the  same  force  as  a  wire  of  sdc 
placed  within  a  cylinder  of  platinum  of  equal  diameter.    Hcd^ 
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t  conclude  that  the  area  of  the  efficient  section  of  the  liquid  is 
K  mean  of  that  of  the  opposed  faces  of  the  metals. 

^  7^4.  The  conclusion  was  again  tested  by  measuring 
Iby  the  chemical  results  produced,  instead  of  the  calorific, 
ind  substituting  copper  for  the  conducting  metal  instead  of 
ihtinum.  The  amalgamated  zinc  rods  and  cylinders  were 
feigied  before  and  after  each  experiment,  and  the  consumption 
rf  metal  vas  thus  ascertuned  for  intervals  of  half  an  hour, 
during  which  the  circuits  were  closed.  The  results  are  included 
ia  the  following  table: — 

Table  XLIII. 


Kmeterof  Zinc. 

DimietorofCopiHW. 

Lon  of  Zinc  in  tliirty  minuteB. 

inches. 
i 

4 

i 

30 

20.7 

30 

These  results  perfectly  accord  with  the  preceding. 

$  725.  From  the  consideration  of  the  foregoing  experi- 
tnenti,  we  are  led  to  another  important  relation  of  the  generat- 
ing and  conducting  metals  in  these  cylindrical  arrangements; 
to  imdeTstand  which  it  must  be  home  in  mind  that  the  sur&ces 
of  cjUnders,  of  equal  heights,  are  directly  proportioned  to  their 
ndiL 

Let  tia,  therefore,  imagine  an  indefinitely  small  rod  of  a 
pnendng  metal  placed  in  the  axis  of  a  cylinder  of  conducting 
Ubl  of  a  given  diameter,  filled  with  an  active  liquid ;  upon 
luiaag  contact  of  the  two  metals,  a  current  would  be  esta- 
wted  of  a  definite  amount.  The  area  of  the  mean  section  of 
^  dectrolyte  would  be  the  area  of  a  cylinder  placed  half  way 
bMveen  the  cylinder  and  its  axis,  or  half  that  of  the  cylinder ; 
■d  it  wonid  be  the  same  whether  the  generating  or  the  coo- 
ducting  metal  were  the  exterior  of  the  two. 

Now  the  amoant  of  the  current  ought  to  be  the  same  what- 
ever might  be  the  diameter  of  the  exterior  cylinder^  for  the 
fcnttance  occasioned  by  iocreanng  the  depth  of  the  deotrtdyte, 
itiu  is  to  say,  by  inoreaBing  the  radios  of  Uie  cylinder,  >■  wwtly 
^aterbalanccd  by  the  incmaed  condoctiiig  power  oonfeiTed 


L2'.ti>u  isnxiriESu 


1  of  tb«  electroK'te,  and  rtn 

^ts  confirm  this  «)nda»Ds; 

-^K-^L"*;  x  Tiiiii:  XI-II.  3  »in  be  seen  that  c}')inden<if 

r  pojdcccd,  under  like  cinuB- 

si::  and  from  Table  XLlU.wi 

(  and  5}  inches  diameter  U 


•  T-'i.  y  :>r.  X  at  ,:nri;B»  w  obserre  how  chemical  >&% 
:ii  III  TiitK*:  iXTef^mmo  ■n:za  ■z^m  the  condncting  and  cxiUtct 
jKj  ^i.T-i  Tie  Kr-;ci  jESactic-a  of  zinc  for  [ajytvlplMj 
— ri  7ii=i-'ie  X  '^  Krnf--*!i^5fc3ic  *««i  is  held  in  complete  chni 
rH  A  -pLsaiTi  -a  jcen.  5:-r  die  ciivciacion  of  the  force  and  tbt 
^nn^sifr  :c  riie  Jiyipj^c:  asc  ict  e^ciency  is  entirely  dependot 
izt.lL  —t:  ainlirTT  ;c  ±£  passage:  for  it  must  not  be  forgotta 
■saz  X  ziiiUzu!  i&KZ  ^Liciea^AJ  by  the  fal^anometer  iiu|^i 
cuQ^'ui  s.ir.^ic.   :t  the  xi^c.  *2id.  a  double  reduction  of  tlv 


V  T-T-  1=-  ail  CM  arranzements  which  we  have  detailwi^ 
oce  I>.'>^::^:c  ot  iinf  circuit  or  that  within  the  cell,  has  couind 
uf  1  j^^Ji  ■:i:c:pccEC,  opjwsin*  the  transmission  of  the  font 
louni^u  u  toe  law  whxb.  has  been  stated,  and  the  other  d 
an  eatenor  tErtailio  condcrtor.  the  opposition  of  whidi  » 
jcarcely  appoK^able  ia  the  cumparison;  let  us  now  inqdn 
whether  the  current  may  not  be  made  traTel,  both  from  i* 
souiw  and  back  ^ain.  by  liquid  conduction ;  whether  a  leoooi 
portion  of  a  compound  liquid  might  not  be  substituted  for  ^ 
condoctinz  wire  in  closing  the  drcuit  (li?). 


(1^)  The  annexed  sketch  represent!  tntA 
placed  one  abore  the  other,  the  zinc  plate  (^1^ 
lower  being  a  contionation  of  that  of  the  nppCi 
and  the  platinum  plates  of  both  being  also  n*"* 
together.  Under  these  rircumstance*  a  cuR^ 
tends  to  pass  from  z  to  p  in  the  upper  cell,  'a<^ 
direction  of  tbe  arrow,  and  to  pass  down  &** 
p  to  p;  but  it  is  met  by  a  connter  tendeocj*''' 
oppoaile  current  in  the  loiver  cell  to  p»B  6* 
z  to  p,  and  to  ascend  from  p  to  p,  Iliew  *** 
counter  tendencies  being  exactly  equal,  ncitBl* 
each  other,  and  no  current  can  be  eataUiikt'' 
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If  we  connect  two  cells  together  in  such  a  way  that  the  7.inc 
Am  of  one  may  be  in  metallic  coramuuication  with  the  zinc 
date  of  the  other,  and  the  platinum  with  the  platinum,  it  is 
dm  that  each  generating  plate  would  tend  to  form  a  current ; 
ind  the  two,  as  regards  a  circuit,  would  be  in  opposite  directions, 
rhe  force  which  would  be  transferred  from  the  zinc  to  the 
ihtinuni  (»f  the  first,  can  only  return  by  passing  from  the 
ilitinnm  to  the  zinc  of  the  second,  and  is  balanced  by  the 
endency  of  an  equal  force  to  pass  from  the  zinc  to  the  platinum 
if  the  same  cell. 

5  728.  If  we  remove  all  active  tendency  in  one  of  the 
xUs  by  the  substitution  of  a  second  platinum  plate  for  the  zinc, 
Ain  the  current  of  the  other  will  not  be  able  to  force  its  way ; 
txit  ran  only  pass  from  the  conducting  plate  to  which  it  must 
be  consigned  by  the  first  portion  of  liquid,  by  the  decomposition 
of  the  second  portion  of  liquid,  and  the  transfer  of  the  force 
from  particle  to  particle ;  and  the  affinity  of  the  radicle  of  the 
Kid  for  the  liydrogen  has  to  he  overcome.  The  divellent  force 
which  tends  to  pass  is  scarcely  equivalent  to  that  which  unites 
tlie  particles  of  oxygen  and  hydrogen  together,  and  therefore 
muflicient  to  overcome  that  force  in  the  quiescent  state. 

§  "29.  But  if  in  the  second  cell  we  can  interpose  some 
fiqoid  compound  between  the  plates  whose  constituent  particles 
■R  held  together  by  an  affinity  of  a  lower  degree  of  intensity 
"an  those  of  the  first  liquid,  the  superior  force  will  overcome 
tl«  inferior  and  the  current  will  be  established.  Thus  if  one  of 
^  cells  be  charged  with  acidulated  water,  and  the  other  with 
■daticm  of  hydriodic  acid,  or  iodide  of  potassium,  the  iodine 
*iU  be  disengaged  in  that  cell  upon  the  platinum  plate,  and  the 
flfdnigen  and  the  potassa  upon  the  zinc  plate,  or  the  platinum 
pkte  which  has  been  substituted  for  it;  in  a  direction,  that  is, 

Y  to  that  of  the  natural  affinity  of  the  zinc  and  iodine 


(120)  Referring  back  to  the  last  figure,  if  we  imagine  the  upper  cell 
^  U  charged  "  illi  acidulated  water,  and  the  lower  with  hydiiodic  acid, 
the  current  from  z  to  p  in  the  upper  cell  originating  from  an  affinity 
^  ■)  higher  degree  of  intensity  than  that  which  tends  to  form  a  cnr- 
»rat  frwn  X  to  p  in  the  lower,  will  force  its  way  i^nst  the  opporing 
^'^  and  complete  its  tdronit  from  x  to  p,  fhnn  r  to  p,  and  return 
fr^  P  to  z,  and  from  <  to  s,  throwing  down  the  iodine  upon  p,  and 
"•Iring  its  eijuiralent  hydrogen  npon  z,  contnif  to  the  order  of  the 
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The  fact  may  be  shown  by  the  addition  of  a  little  solu 
starch  to  the  charge,  when  the  precipitation  of  the  iodine 
very  visible.  It  may  be  more  simply  shown  by  connect 
two  conducting  wires  of  an  active  cell  with  two  platinum 
and  placing  between  them  a  fold  of  white  bibulous  pap 
another  coloured  with  turmeric,  both  being  moistened  h 
tion  of  iodide  of  potassium,  and  the  latter  in  connexion  m 
zinc  plate,  when  a  yellow  spot  will  be  produced  upon  th 
paper  by  the  iodine  disengaged,  and  a  brown  spot  up 
yellow  by  the  potassa  (130). 

§  730.  But  the  amount  of  force  which  thus  mi 
way  against  the  opposing  affinity,  is  far  below  that 
circulates  when  a  metallic  path  is  opened  for  it,  an( 
obstructing  forces  are  not  brought  into  action;  as  i 
shown  by  interposing  a  galvanometer  in  the  circuit,  or 
amount  of  hydrogen  disengaged  in  the  generating  cell. 

§  731.  When  a  chemical  resistance  is  thus  interp 
a  circuit,  the  lengths  of  the  connecting  wires  being  ge 

very  small,  the  metallic  resistance  —  in  the  formula  i 

s 

disregarded  as  quite  insignificant  in  the  comparison;  I 
former  will  be,  like  the  interior  resistance  of  the  cell,  in 
as  the  area  of  the  section  of  the  liquid  interposed,  s',  and  ( 
as  the  distance  between  the  plates  by  which  the  cor 
conducted  into  the  liquid  d.  The  external  resistances  o 
kinds  may  therefore  be  represented  by  two  fractions  as  t 

§  732.  In  considering  the  electromotive  force  as  c 


(130)  The  simple  apparatus  with  which  Dr.  Faraday  fin 
this  important  experiment  is  here  depicted.     A  clean  plate  < 

a,  was  bent  to  a  right  angle,  and  a  plate  of  pi 
6,  was  fastened  to  a  platinum  wire,  which  n 
as  in  the  figure  at  j?,  a  piece  of  filtering  paper, 
ened  in  a  solution  of  iodide  of  potassium,  wai 
on  the  zinc,  and  was  pressed  against  the  end 
platinum  wire.  When  the  plates  thus  arrangi 
dipped  into  the  vessel,  c,  charged  with  diln 
phuric  acid,  mixed  with  a  little  nitric,  iodii 
immediately  thrown  down  against  the  platimu 
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hj  the  tendency  of  the  element  disengaged  upon  the  conducting 
plate  to  generate  an  opposite  current,  or^ 

E=r  B  -  b^e\ 
it  is  dear  that  if  we  could  annihilate  this  tendency,  or  remove 
€f  from  the  formula,  we  should  render  E  more  effective.  Now 
iias  may,  in  a  great  measure,  be  effected,  as  we  have  already 
■iiown  (§  621),  by  immersing  the  conducting  plate  into  some 
liquid  which,  while  it  is  capable  of  carrying  forward  the  current, 
miy  prevent  the  deposition  by  its  secondary  action.  It  was  for 
tihis  purpose  that  in  the  circuits  which  we  have  just  described 
(}  723)  the  platinum  was  immersed  in  nitric  acid^  separated  by  a 
porous  diaphragm  firom  the  dilute  sulphuric  acid  in  contact  with 
tbe  zinc.  By  this  contrivance  the  hydrogen  is  prevented  from 
Kmning  on  the  conducting  metal  by  decomposing  the  nitric  acid 
ud  combining  with  its  oxygen.  The  efficiency  of  the  circuit 
ii  thus  rendered  much  greater,  as  may  be  proved  by  measuring 
tte  effects  produced. 

Such  a  circuit  is  now  also  capable  of  overcoming  the  exterior 
VttUtance  of  dilute  sulphuric  acid,  although  A,  or  the  work 
performed,  will  be  foimd  to  be  very  small. 

§  7SS.  It  must  always  be  borne  in  mind,  that  whatever 
'^  amount  of  exterior  resistances  may  be,  they  always  react 
^luoughout  the  circuit;  and  the  effects  produced  within  the 
^d  can  in  no  case  exceed  those  produced  without  it ;  the  force 
'^fitidk  circulates  must  be  equal  in  all  parts  of  its  circuit.  Thus 
-^  may  be  measured  by  any  of  the  effects  produced  at  any  point 
^the  circuit.  In  the  case  just  referred  to,  the  consumption  of 
^c  in  the  active  cell  will  be  no  more  than  equivalent  to  the 
^ects  produced  in  the  passive  one;  and  incomparably  less  than 
^hen  tiie  circuit  is  closed  by  a  metallic  conductor. 

§  734.  The  affinities  which  we  have  thus  found  to  oppose 
^e  another  in  the  arrangement  of  the  two  cells  which  we  have 
f^  described  may  be  made  to  concur;  and  to  produce  very 
'Important  results.  If  instead  of  connecting  together  the  two 
kbic  plates  and  the  two  platinum,  each  zinc  be  connected  with 
^  platinum  of  the  other,  the  circuit  will  be  complete,  and  the 
Woe  will  circulate  with  increased  intensity.  We  may  suppose  it 
o  commence  its  course  by  setting  out  from  the  generating  plate  of 
He  first  cell^  to  traverse  the  liquid  in  the  way  which  we  have 
lescribed^  and  to  enter  the  conducting  plate  from  which  it  is 
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M  ?T  •ax  ctmncctiii;  viie  to  the  generating  owlal  tt  dte 
seo:' i  orIL  Here  a  nmilaT  cnncnt  is  setting  out  on  its  cam 
thr-:  -^  :i.*  wo?- -i  jwHiswi  of  liquid  to  the  second  coudnctii| 
fCu<  wiz^L  *'Li:b.  h  coccon.  and  the  joint  impulse  puses fiM 
pu^ie  :  ?'  panscae.  and  is  commnDicated  to  the  metal  by  lAiA 
r:  TKUTTJ  »  zht  erst  pbie.  and  the  exalted  force  is  eqinW 
thp.-'^^-'C^  ibe  cnirent  HI  .  The  number  of  paiticles  enpgri 
i=  ibt  ^er.endon  and  the  tiansfer  of  the  current  farce,  and  fli 
a.Tv>="  >.:  lieoxnpositiM)  in  each  cell  is  not  increased  b;  tts 
re pvEiTi--  -.  be:  the  force  associated  nith  them  is  raised  ii 
inursiTT.  ar.i  docooms  capable  of  orercoming  a  greater Bmonl 
C-:  exrerlor  Tvsisia»c«  when  presented  to  it. 

Sr.y  i.-jL^sber  of  cells  may  be  thus  connected  by  thoralHt 
varg  ^if  s^nniLZ  and  conducting  plates;  but  no  effect  will  am 
till  the  rliiintim  of  one  end  of  the  series  is  put  into  comonii- 
cation  vtrb.  the  xinr  of  the  other  end;  but  when  the  drndtil 
th-i*  t>>n-.p'.e:ed.  the  force  will  circulate  with  an  intensity  pnp^ 
tio:-.aTe  t.»  the  nsmSer  oi  the  cells. 

I  r^j-  The  eSects  of  (his  exalted  condition  of  the  Swi 
may  be  shown  in  lilffeient  ways.  If  instead  of  a  cell  wi4i 
seneratin^  and  conducting  plate  arranged  in  the  proper  onkf) 
one  with  a  pair  of  inactive  platinum  plates  be  interposediii 
cirvuit  cf  ten  aiiemadons,  the  current  will  be  checked,  bnt  Ml 
stopi>ed  in  its  rourse:  it  will  pass  through  the  inactive  cell  «i* 
the  deo>m|w«ition  of  the  liquid,  the  oxygen  being  evolved  ft 
the  plate  which  occupies  the  position  of  the  ainc,  »nd  * 
hydn^n  ujxm  the  opposite  plate.  If  instead  of  this  iwcli* 
cell,  ai)  active  one  be  introduced  with  the  position  of  its  phH 

(131)  The  annexed  figure  represeits  tkt  (^ 
mentary  battery  (I^)  with  its  plates  diSmri^ 
arranged.  If  we  suppose  the  cuTrent  to  wC  (^ 
from  z.  in  tbe  upper  cell,  and  to  pass  io  the  ft* 
lion  of  the  arrow  to  p,  it  will  continue  its  ("•J* 
from  r  to  z,  in  the  lower  cell,  when  it  will  fiD  ■■ 
with  a  current  setting  out  from  z,  and  paaisf  ' 
the  same  direction  to  r.  From  p,  it  will  rttnsa 
the  upper  s,  and  the  cinruit  will  be  comfkl'- 
Although  this  action  is  necessarily  deacribedsif*' 
gretxirt,  it  is  not  so  in  fact;  but  the  exaltsti*' 
force  which  results  from  this  repetidoa  of  At 
circuit  takes  place  in  every  part  of  it  at  tbeflf 
moment. 
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rercrsed,  there  will  be  a  tendency  in  that  cell  to  generate  a 
current  in  the  opposite  direction  to  that  of  the  other  cells;  but 
this  additional  force  will  still  be  overcome;  and  so  determinate 
is  the  direction  of  the  impulse  which  the  elements  receive,  that 
hydrogen  will  be  given  off  upon  the  surface  of  the  zinc^  in 
opposition  to  the  strong  attraction  which  we  know  it  to  possess 
for  oxygen  or  the  radicle  of  the  acid.  The  current  will  be  able 
to  OTercome  a  number  of  such  obstructions  proportionate  to  the 
number  of  concurring  cells. 

§  736.  The  force  in  this  state  of  intense  activity^  will 
also  overcome  obstacles  in  a  different  way.  Whatever  the 
quantity  may  be  which  is  set  in  circulation  in  single  circuits  of 
iiige  extent,  though  sufficient  to  ignite  and  fuse  platinum  wire 
of  considerable  thickness,  the  slightest  break  in  the  continuity 
off  the  conductor  will  stop  the  current,  for  it  will  not  have 
sufficient  intensity  to  enable  it  to  overcome  the  high  resistance 
of  the  non-conducting  air:  but  when  its  energy  has  been 
elerated  to  the  sum  of  the  efficient  forces  of  a  series  of  cells,  it 
trill  project  itself  through  an  interval  of  air  in  the  form  of  the 
iBost  dazzling  fire,  and  thus  complete  its  circuit.  It  will  also 
pass  in  the  same  splendid  form  between  two  metal  or  charcoal 
points  in  pure  water. 

§  737-  Any  obstruction,  however,  of  whatever  kind,  it 
ttnst  be  remembered,  reacts  upon  the  whole  chain  of  affinities, 
ttd  no  inequality  can  possibly  exist  in  different  portions  of  the 
cvrenty  whether  in  its  passage  through  the  liquid,  or  the  solid 
ttodnctors. 

Hus,  as  well  as  some  other  points  of  interest,  may  be  well 
iDiBtnted  by  a  circular  arrangement  of  ten  cells,  each  provided 
vifli  a  pair  of  platinum  and  amalgamated  zinc  plates,  which 
admit  of  being  combined  together  by  conducting  wires  in 
Afaent  ways.  Over  each  platinum  is  suspended  an  inverted 
indnaftcd  g^aas  jar,  which  is  filled  with  the  same  dilute  acid  as 
As  edlf  in  which  tlie  disengaged  hydrogen  may  be  received  and 


Qowever  accoiately  it  may  be  endeavoured  to  assimilate  the 
l|i^  to  each  other,  it  will  be  found  that  when  connected  as 
tiljk  cacaHtB,  eitlier  singly  or  together,  ihe  action  of  each  will 
ttipp}  iMt  upoa  connecting  them  so  as  to  fonn  a  single  drcular 
itiiff^  i|p  iMqndities  wiU  disappear,  and  the  amount  of  gas 

9  K 
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from  each  in  equal  times  will  be  equal.  When  the  cell)  ue 
combined  together  in  pairs,  two  adjoining  platiniiin  phW 
being  connected,  and  two  corresponding  sine  plates;  and  At 
five  pairs  are  afterwards  arranged  in  series  by  wires,  lei&| 
from  each  pair  of  zinc  to  the  next  pair  of  platinum,  the  imflid^ 
rity  of  the  action  will  again  disappear.  The  arrangemest  ■ 
equivalent  to  a  series  of  five  plates  of  double  the  standard  m^ 
and  the  amount  of  force  which  <nrculates  is  determined  bj  thk 
least  efficient  pair. 

Leaving  one  pair  of  cells  thus  connected,  if  the  otlienki 
disunited  and  recombined  with  it  in  ^ngle  series ;  the  tSei 
will  be  that  of  a  plate  of  double  sise,  interposed  in  a  compoai 
circuit  with  eight  single.  The  gas  collected  in  each  of  im 
jars  of  the  double  cell,  will  be  exactly  half  of  that  in  the  s(m4 
jars  of  the  single  cells ;  proving  that  the  double  plate  a  nimA 
in  efficiency  to  the  exact  standard  of  the  single  plates  hj'H 
combination  with  them  (132). 


5  738.  In  these  arrangements  every  cell  is  a 
cell,  and  adds  something  to  the  quantity  or  intensity  of 
circulating  force;  and  we  see  that  unequal  quantities  caiinotbi 
generated  and  circulate  in  different  parts  of  the  same  dioiA 
The  effects  of  various  retarding  or  opposing  cells  m>y  t> 
strikingly  exemplified  by  the  same  apparatus.  For  this  purpcc 
the  celts  may  be  connected  together  in  single  series,  substitutiif 


(132)  Asin^eeelloftlii 
dissected  battery  ii  here  iff*" 
sented.  vwxzzr,  ii*^ 
celt,  reating  bj  its  wide  lin  ■■> 
circular  hole  in  the  BtandcB.  V 
i>  a  zinc  plate,  conoected  l^* 
wire  passing  throngh  the  ■tiff' 
abed,  with  the  mercury  eif,^ 
on  either  side  of  which  i»  •  H*" 
tlnuin  plate,  both  of  whiA  •" 
mioaU  by  wim  in  the  moWT 
cup,  p.  Either  of  the«  my  ^ 
used  Binj^ybyremorii^tlie*** 
The  different  connectioni  of  tb 
platei  with  the  atsociated  (A 
may  easily  be  made  by  wiMfi' 
ing  between  the  mercuiy^* 


The  whole  arrangement  of  the  ten  cells,  with  the  gndsated  ^ 
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one  a  platinnio  plate  for  the  ranc;  and  the  obstacle  which 
n  becomes  an  exterior  resistance  will  be  found  to  react  upon 
!  whole  aeries ;  the  action  will  be  reduced  by  more  than  one- 
rd,  and  the  quantities  of  gaa  collected  &om  each  generating 
1  will  be  exactly  equal  to  that  collected  from  the  retarding 
L  Upon  repeating  the  experiment  with  a  similar  change  in 
:  next  cell,  the  quantity  of  hydrogen  in  all  the  jars  will  be 
isl,  but  reduced  to  little  more  than  one-tenth,  and  the  current 
I  be  apparently  stopped  by  three  retarding  cells  to  seven 
iCTating  cells. 

\  739.  When  one  of  the  zinc  plates  is  removed  from  the 
;iilar  series,  and  replaced  by  a  platinum  plate  which  has  been 
niously  coated  with  copper  by  the  influence  of  hydrogen 
lived  in  a  circuit,  the  phenomena  are  striking  and  instructive. 
•  gas  will  at  first  be  evolved  from  the  coppered  plate,  but  it 
1  oxidate,  and  the  progress  of  the  oxidation  may  be  traced  by 


t,  IS  exhibited  in  the  annexed  figure.  They  are  placed  upon  a 
nd,  abed  af,  and  the  connexions  between  them  are  easily  made 
1  varied  by  the  mercury  caps,  ip  It  g,  Stc 
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the  gradual  blackening  of  its  surface.  The  oxide,  again,  viUbi 
gradually  dissolved,  and  the  bright  white  surface  of  the  platmoi 
will  make  its  appearance,  and  oxygen  gas  will  b^;in  to  rise  frooi 
it.  At  that  moment  the  current  will  receive  a  check,  irhkk 
will  be  appreciable  in  all  the  air  jars. 

§  7^0.  This  mode  of  measuring  the  amount  of  comii 
affinity  by  its  chemical  effects,  has  been  applied  in  the 
struction  of  instruments,  to  which  the  name  of  voUamder  hf- 
been  given.  They  consist,  in  fact,  of  an  independent  dmrni 
cell,  with  two  platinum  plates^  from  which  the  gas  wgjh\ 
conveniently  collected  and  measured  with  great  accuracy.  TIf  ■ 
may  be  readily  included  in  any  circuit,  and,  although  ihej 
the  current  in  all  its  parts,  they  accurately  measure  the 
which  passes  through  them  (133). 

§  741.  When  a  voltameter  is  substituted  for  oneof  flii 
ten  cells,  and  the  nine  have  a  portion  of  nitric  add  added  to; 
their  charge,  the  quantity  of  hydrogen  evolved  from  their  eaif 
ducting  plates  is  greatly  diminished,  and  becomes  iircgolff 


(133)    A  convenient  form  of  the  voliameteri 
here  represented,     a  is  a  straight  glass  tube,doielll 
the  upper  extremity,  and  graduated  into  cuixie  iathl 
and  fractional  parts.    The  platinum  wires,  tenaiaatiif  | 
in  two  platinum  plates  within  the  tube,  are  fated  iili; 
its  substance,  and  the  tube  is  fitted  by  grinding  iili! 
one  mouth  of  a  double-necked  bottle,  half  filkd  all 
dilute  sulphuric  acid.     The  tube  is  filled  by  infoAl 
tbe  bottle,  and  when  the  current  passes  betweea  ml 
plates,  the  evolved  gases  collect  in  the  upper  f^^] 
the  tube,  and  displace  the  dilute  add,  the  stofpc 
being  left  open.     When  the  tube  has  been  lilkd  ait 
the  disengaged  gases,  the  tube  may  be  refilled  iriA 
the  liquid  by  replacing  the  stopper,  and^againiimriif 
the  bottle. 


Another  form  of  the  voIttMlV 
is  here  depicted.  The  gaaei,  mtf 
are  disengaged  within  the  tdNb^ 
with  the  dilute  add,  pass  bjdieW 
tube  b  under  the  edge  of  a  gial^li' 
jar  placed  upon  the  shelf  of  dttiK^ 
bath. 
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the  quantity  of  hydrogen  indicated  by  the  instnanent  is 
riy  treble  that  of  the  cells  with  their  original  charge. 

§  742,  By  obserradons  made  in  this  manner,  it  will  be 
1  fonnd  that  the  action  of  auch  a  compound  drcoit  ia  not 
rtant ;  and  that  it  will  gradually  decline  by  a  quantity  which 
be  quite  appreciable  at  interrala  of  five  minutes.  By 
iking  the  connexion  for  a  short  period,  its  energy  will  be 
iaOy  recovered,  but  will  again  decline  as  the  action  is 
iwed.  Upon  allowing  the  charge  nearly  to  exhaust  itself,  it 
be  seen  that  the  platinum  plates  have  become  incrusted 
I  metsUic  sine,  originating  either  from  the  oxide  of  zinc 
led  at  the  generating  plates,  and  reduced  by  adhering 
mgen  at  the  conducting  plates,  or  from  the  decoropositioa 
he  current  of  the  sulphate  of  zinc  formed,  and  the  direct 
■fer  of  the  zinc  to  the  same  plate.  Its  varying  quantity 
accumulation  are  amply  suffident  to  account  for  the  varifr- 
and  ultimate  annihilation  of  the  circulating  force ;  for  zinc 
becomes  opposed  to  zinc,  and  the  circuit  is  destroyed. 
momentary  breaking  of  the  connexion  allows  the  acid  to 
live  off  the  zinc,  which  being  in  contact  with  the  platiniun 
loat  &vourably  disposed  for  this  local  action,  and  upon 
ifing  it,  the  circulation  returns  to  its  first  amount,  but 
I  speedily  declines  from  the  same  cause. 

§  7*^-  The  apparatus,  whose  different  arrangements  we 
thus  examined,  is,  in  fact,  a  particular  form  of  the  voltaic 
iry,  that  splendid  instrument  of  experimental  research  which 
stly  perpetuates  the  name  of  Professor  Volta,  of  Pavia  (134). 
raa  led  to  this  grand  discovery  by  a  series  of  experiments, 
b   he  undertook,  to  prove   that  the  agent  in  Galvani's 


134)  The  original  voltaic  pile  was  composed  of 
r  coins  and  zinc  discs  of  the  same  rise,  piled  up  in 
oanner  here  shown,  with  paper  moistened  with  a 
e  solution,  or  a  dilute  arid,  placed  between  each 
When  ^e  fingers  of  one  hand,  well  moistened 
■alt  and  water,  are  placed  in  coatact  with  c^  and 
fingers  of  the  other  hand,  with  p,  a  sli(^t  shock 
it,  and  a  spark  may  he  perceircd  upon  making 
■ct  between  the  two  extremities  with  a  wire  or 
t  of  charcoal. 


502  VOLTAIC  BATTERIES. 

experiments  is  common  electricity^  which  he  endeavoured  to 
accumulate  by  a  multiplication  of  his  simple  circuit. 

§  7^4.  Its  first  form  was  that  of  a  pile,  in  which  painoi 
zinc  and  silver  discs  were  placed  one  above  another,  each  par 
being  separated  from  the  adjoining  by  pieces  of  cloth,  ntiiff 
smaller  than  the  plates,  moistened  with  a  solution  of  commoi 
salt. 

Great  care  was  taken  to  preserve  a  regular  order  in  tk 
position  of  the  metals;  so  that  if  the  zinc  were  placed  below  tb 
silver,  in  the  first  pair,  the  same  order  should  be  preserved  ii 
the  others.  Another  form,  which  Volta  denominated  "d» 
Crown  of  Cups,*'  consisted  in  a  row  of  small  glasses,  arrangd 
in  a  circle,  containing  dilute  sulphuric  acid,  or  a  solution  of 
salt,  in  each  of  which  was  placed  a  plate  or  wire  of  silver  or 
copper,  and  one  of  zinc,  not  touching  each  other,  but  so  coo- 
nected  that  the  zinc  of  the  first  was  in  contact  with  the  silver  rf 
the  second,  and  the  zinc  of  the  second  with  the  silver  of  fc 
third,  and  so  on  throughout  the  series  (135).  In  this  arrange 
ment  it  could  be  seen  that  no  current  action  took  place  till  tk 
extreme  wires  were  brought  into  contact.  Various  other  bm 
were  gradually  introduced  by  Cruickshank,  Babington,  ni 
Wollaston,  as  experience  suggested  improvements;  the  cominfla 
principles  of  which  are  all  explained  by  the  different  arrange 
ments  which  we  have  described  of  the  Dissected  Batterg  (13€). 


(135)  Volta's  "Couronne  des  Tasses"  is  here  depicted.  Wireiflf 
silver  and  zinc,  s  and  z,  are  soldered  together  in  pairs,  and  altematdf 
placed  in  the  glasses  containing  dilute  acid.  No  action  takes  pbee  j 
till  the  extreme  wires  s  and  z  are  brought  into  communiratioB  ^  I 
means  of  a  metallic  wire,  when  each  silver  wire  is  seen  to  eroHt 
hydrogen. 


(136)  The  inconvenience  of  the  original  constmction  of  dw  P*- 
was  in  some  degree  obviated  by  Mr.  Cruickshank,  who  cements  ^ 
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(  745.  The  liquid  employed  in  the  voltaic  batteriea,  when 
s  been  desired  to  ex<nte  them  to  the  utmost,  has  generally 


lof  plates  into  a  well-seasoned  wooden  troagb,  as  in  fig.  1.  The 
Tening  spaces  were  filled  with  the  proper  liquid  for  excitiug 
iotterjr. 

^-  '■  (V         Jig- :; 


rbe  arrangement  waa  still  further  improved  by  Dr.  Balingtom 
soldered  the  pbtea  of  copper  and  zinc  together  in  pairs  by  one 
t  only,  and  fixed  them  upon  a  rod  of  wood,  by  which  they  could 
fted  bother,  in  convenient  numbers,  into  or  out  of  a  trough  of 
Mnware,  divided  by  partitions  into  cells  for  their  reception  (flg.2). 
4nid  may  thus  be  allowed  to  remain  in  the  trough,  while  the 
m  may  at  any  time  be  suspended  by  raising  the  plates  from  tlie 
^and  pkcing  them  upon  rods  fixed  for  their  support. 
Tbt  improvement  of  Dr.  Wollaston  consisted  in  extending  the 
wr  plate  so  as  to  oppose  it  to  both  aurfiices  of  the  zinc,  as  shown 
ig.  3  A  represents  the  bar  of  wood  to  which  the  plates  are 
Fig.  3. 


Wed ;  B  H  B  the  xinc'  plates,  connected,  as  before,  with  the  copper 
ttM  c  C,  which  are  doubled  over  the  zinc  plutes.  Contact  of  the 
"ftets  is  pierented  by  pieces  of  wood  or  coik  placed  between  them. 
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been  a  mixture  of  sulphuric  and  nitric  acids  diluted  with  water; 
in  which  case  much  local  action  takes  place  upon  the  doe 
plates^  which  contributes  nothing  to  the  force  which  drcohtO) 
and  which  rapidly  destroys  them.  Their  power,  moreom, 
speedily  declines  by  the  zinc  which  forms  upon  the  oop(Mr 
plates,  and  they  are  very  inconstant  in  their  action. 

These  defects  are  obviated  in  the  construction  of  the  amtM 
battery,  the  oontrivance  of  the  author^  which  consists  of  a 
of  single  circuits  constructed  upon  the  principle  of  a  centni  fr  ' 
position   of  the  active  metal  with   regard  to  the  conductiag 
surface,  as  formerly  explained  (§  705,  &c.) 

A  cell  of  this  battery  consists  of  a  cylinder  of  copper  $( 
inches  in  diameter,  which  experience  has  proved  to  afford  dii 
most  advantageous  distance  between  the  generating  and  coi> 
ducting  surfaces,  but  which  may  vary  in  height  according  to  Al* 
power  which  it  is  wished  to  obtain.  A  membranooi  t4|^: 
formed  of  the  gullet  of  an  ox,  is  hung  in^  the  centre  by  a 
and  circular  copper  plate  resting  upon  a  rim  placed 
top  of  the  cylinder;  and  in  this  is  suspended,  by  a  woodeB 
bar,  a  cylindrical  rod  of  amalgamated  zinc  half  an 
diameter.  The  cell  is  charged  with  a  mixture  of  8 
water  and  1  of  oil  of  vitriol  which  has  been  satunted 
sulphate  of  copper;  and  portions  of  the  solid  salt  are  pin 
upon  the  upper  copper  plate,  which  is  perforated  like  a  cohndtf 
for  the  purpose  of  keeping  the  solution  always  in  a  state  d 
saturation.  The  internal  tube  is  filled  with  the  same  adJ 
mixture  without  the  copper.  A  tube  of  porous  earthenwire 
may  be  substituted  for  the  membrane  with  great  convenienoei 
but  probably  with  some  little  loss  of  power.  A  number  of  soek 
cells  admit  of  being  connected  together  very  readily  into  i 
compound  circuit,  and  will  contain  a  perfectly  equal  and  stesdf 
current  for  many  hours  together,  with  a  power  £Eur  beyond  tint 
which  can  be  produced  by  any  other  arrangement  of  a  amiltf 
quantity  of  the  same  metals. 

The  surface  of  the  conducting  metal  is  thus  perpetmllf 
renewed  by  the  deposition  of  pore  copper^  and  the  oounttf- 
action  of  zinc  or  any  other  predpitated  metal  effisctually  pi^ 
vented.  The  minor  aflinity  of  the  copper  for  the  acidf  howevtft 
still  remains,  and  such  an  opposition  could  only  be  effiBCtmOf 
avoided  by  the  employment  of  platinum  plates^  pcrpetuiBj 
renewed   by   the   decomposition   in  the  circuit  ol  chkiifc " 


CONSTANT  BATTERY. 


inutn;  such  an  arrangement  would  be  perfect^  but  too  costly 
ordinary  applications  (136). 

^  746*  A.  more  powerful  combination  upon  the  same 
iciplea,  though  not  so  constant  in  its  working,  or  conveni- 
r  applicable  to  such  extensive  practical  operations  as  that  of 
constant  battery,  has  been  contrived  by  Professor  Grove, 
■  makes  use  of  conducting  plates  of  platinum  foil  immersed 
itrong  nitric  acid  separated  from  the  dilute  sulphuric  acid> 

[136)    One  of  the  cells  of  the  constant  battery  is  here  represented. 

B  d  is  a  copper  cylinder,  in  which  is  placed  a  smaller  cylinder  of 
porous  earthenware.  Upon  the  upper  part  of 
the  copper  cylinder  rests  a  perforated  colnnder, 
t  k,  through  which  the  earthenware  cylinder 
ii  passes.  /  m  is  a  cast  rod  of  amalgamated  zinc, 
resting  upon  the  top  of  the  interior  cylinder  by  a 
cross  piece  of  wood,  and  forming  the  axis  of  the 
arrangement.  The  cell  is  charged  by  pouring 
into  the  earthenware  cylinder  water  acidulated 
with  one-eighth  port  of  ils  bulk  of  oil  of  vitriol, 
the  space  betnecn  the  earthenware  tube  and  the 
copper  being  filled  with  the  some  acidulated 
water  saturated  with  sulphate  of  copper;  and 
^  solid  sulphate  of  copper  being  placed  in  the 
colander. 

il  number  of  such  cells  may  be  connected  into  a  compound  circuit, 

sires  attached  to  the  copper  cylinderB,*and  fastened  to  the  zinc  by 

ops  and  screws,  as  shown  below. 


iiiini: 
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in  which  the  zinc  is  plunged  by  a  diaphragm  of  porous  earthen* 
ware.  The  conducting  power  of  the  liquid  portion  of  the  com- 
bination is  of  the  most  perfect  kind,  and  the  hydrogen  whkk 
travels  in  the  circuit  is  immediately  absorbed  by  the  acid  upoi 
the  conducting  plate,  and  reacting  upon  it,  decomposes  it  witk 
the  evolution  of  copious  fumes  of  nitrous  gas.  It  has  beet 
already  seen  (§  732)  that  a  single  cell  of  this  construction  ii 
capable  of  overcoming  the  exterior  resistance  of  a  voltameter 
and  a  very  efficient  series  may  thus  be  made  with  the  hmk 
of  tobacco-pipes  and  corresponding  small  pieces  of  platinoi 
foU. 

§  7'^7*  We  have  noticed  that  heat  generally  increos 
the  affinity  of  substances  for  each  other,  as  manifested  in  thdr 
local  action  (§  654) ;  it  has  an  analogous  influence  upon  ait 
nity  in  its  current  state.  When  a  constant  battery  of  9  oelli^ 
which  was  capable  of  decomposing  water  at  the  rate  of  7-^ 
cubic  inches  of  the  mixed  gases  per  5  minutes,  was  inclosed  ia 
a  case  to  which  steam  could  be  admitted,  the  rate  of  woridig 
gradually  increased  with  the  temperature,  till  at  212°  it  m 
very  nearly  trebled.  The  greater  part  of  this  increased  effect  ■ 
due  to  the  increased  energy  of  the  affinity,  and  not  to  that  of 
the  conducting  power  only;  for  when  a  voltameter,  whose  tean 
perature  was  raised  to  212^,  was  included  in  the  cold  drcoit^ 
the  action  was  only  increased  from  6.5  cubic  inches  to  7*^  cniae 
inches;  whereas,  when  a  cold  cell  was  included  in  a  aeiia 
heated  to  212°,  the  effect  fell  from  20.5  cubic  inches  toW 
cubic  inches. 

Changes  of  atmospheric  temperature  even  have  a  markd 
influence  upon  the  working  of  the  voltaic  battery,  and  must  do* 
be  neglected  in  nice  comparative  experiments. 

§  7^B.  How  much  is  dependent  upon  the  force  of  affioitf 
in  the  generating  metal  for  one  of  the  elements  of  the  li<H 
compound,  is  strikingly  shown  by  contrasting  zinc  rods  in  tk 
cells  with  copper,  or  even  brass.  In  a  battery  of  5  cells  worlds 
at  the  rate  of  5.2  cubic  inches  of  mixed  gases  per  5  minuttSj 
one  copper  rod  was  substituted  for  a  zinc ;  the  whole  of  tb» 
oxygen  was  absorbed  by  the  copper,  but  the  rate  of  workin? 
was  reduced  to  2.4  cubic  inches  in  the  same  interval.  A  secofx' 
copper  was  placed  in  the  room  of  a  second  zinc,  and^  the  i*^ 
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ieclined  to  0.6  cubic  inches;  with  a  third,  it  fell  to  0.04;  and 
»ith  four  copper  there  was  no  longer  any  perceptible  decom- 
position in  the  voltameter,  but  the  needle  of  a  galvanometer 
ras  deflected  55°.  When  all  the  zinc  rods  were  thus  gradually 
ivplaced  by  copper,  the  needle  was  still  deflected  25°. 

§  749.  Before  we  proceed  with  the  experimental  inves- 
tigation of  our  subject,  let  us  pause  a  moment  to  observe  how 
beautifully  and  simply  the  formula  of  Professor  Ohm  may  be 
made  to  include  and  represent  all  the  varying  circumstances  of 
current  affinity  and  resistances  which  arise  from  the  different 
combinations  which  we  have  examined:  and  how  it  indicates 
new  conditions  of  the  problems  to  be  solved,  and  suggests  new 
experiments  to  test  their  correctness.  In  making  our  com- 
parison between  the  experimental  and  calculated  results,  we 
A'ill  take  as  our  standard  of  comparison,  one  of  the  cylindri- 
al  cells  of  the  constant  battery  just  described,  of  3^  inches 
in  diameter  and  6  inches  in  height,  charged  with  dilute  sulplm- 
ric  acid  and  sulphate  of  copper,  and  the  circuit  closed  by  a 
short  thick  wire  of  copper,  by  which  the  exterior  resistance  r  is 
virtually  reduced  to  nothing. 

It  has  been  experimentally  found  that  the  amalgamated  zinc 
lod  forming  the  generating  element  of  the  arrangement  wlien 
'Weighed  at  intervals  of  five  minutes,  loses  11.26  grains  for  every 
wch  interval.  This  is  a  measure  of  the  effective  force  of  the 
circuit;  and  its  equivalent  in  mixed  oxygen  and  hydrogen  gases, 
tt  given  off  by  the  decomposition  of  the  dilute  acid,  is  25  cubic 

wchea.    This  may  be  taken  as  the  unit  of  work  or  —=1,  and 

XV 

^  is  evident  that  there  being  no  external  resistance,  it  is  tlie 
louimum  of  work  that  such  a  combination  is  capable  of  per- 
lomdng.  Now,  having  a  number  of  such  cells,  all  of  course 
^ptUe  of  performing  the  same  amount  of  work  in  the  same 
tone,  let  us  calculate  the  effects  which  may  be  produced  by 
^^faining  them  together  in  different  manners,  and  take  n  to 
'^Bpitaent  the  number  in  the  formula. 

i  750.  In  the  first  place,  by  making  a  sufficient  metallic 
^OQnnanication  between  all  the  copper  cells,  and  anotlier 
''^^ween  all  the  line  rods,  we  make  an  arrangement  equivalent 
^  multiplying  the  area  of  the  section  of  the  electrolyte  by  the 
'^ber,  aa  by  proportionately  increasing  the  sise  of  the  plates^ 
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and  we  decrease  the  internal  resistance  in  the  same  proportaon, 
thus  our  formula  becomes^ 

E  _    «E   _    . 

R  ^  "R"  -  ^ 

n 

The  exterior  resistance,  r,  of  the  connecting  wires  being  ill 
taken  as  inappreciable,  the  quantity  of  force  which  would  ar» 
late  through  a  sufficient  conductor  would  be  n  times  as  graits 
that  in  a  single  cell,  and  might  be  measured  either  bj  ill 
heating  or  its  magnetic  effects;  and  n  times  as  much  mcwodl 
be  consumed,  or  work  performed  in  the  cells. 

Such  an  arrangement,  however,  confers  no  increased  powff 
of  overcoming  exterior  resistances,  and  any  obstacle  wUdi 
would  be  capable  of  arresting  the  current  in  a  single  cell,  wodi 
arrest  it  in  any  number  so  combined. 

§  751.  2nd.  To  effect  this  purpose  the  efficient  foraetf 

one  cell  must  be  added  to  that  of  another  in  a  series,  andtb 

sum  of  all  brought  to  bear  upon  the  resistance.    Ohm^s  fonmb 

then  becomes 

nE        _    . 

»  R  +  r  ^ 

in  which  n  represents  the  number  of  the  series.  In  dai 
arrangement  we  observe,  that  if  r  again  be  taken  as  nothingi 

wE  _  E 

nR  ^H 

and  we  in  fact  found  (  §  734)  in  our  experiments,  that  wkn 
no  retarding  cell  was  introduced  into  the  series,  the  work  done 
in  each  cell  was  no  more  in  series  than  when  working  as  i 
single  circuit. 

Now,  so  long  as  the  external  resistance  r  interposed  in  tk 
circuit  is  not  chemical,  whether  it  be  the  resistance  of  very  kwj 
wires  or  of  non-conducting  air,  the  formula  as  above  pf^ 
accords  strictly  with  the  results  of  experiment;  and  by  doubling 
the  number  of  ceUs,  at  the  same  time  that  we  doubk  th 
efficient  surface  (or  the  area  of  the  section)  in  each  cdl,  ** 
obtain  an  effect  exactly  double:  thus  by  the  formula— 

g/    nE     \   _        2ytE        _     2«E 
\«  R  +  r/    ^  2nR  +  r  ^   it  R  +  r 

2 

since  in  doubling  the  surface,   ceteris  paribus,  we  hahre  the 
resistance. 
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5  752.  3rd.  When,  however,  a  voltameter,  or  other  che- 
ical  resistance  is  interposed  in  a  circuit,  the  formula  will  not 
»ld,  unless  an  opposite  force  of  affinity  be  taken  into  con- 
leration,  which  arises  from  the  decomposition  of  the  active 
[oid,  and  consequent  accumulation  of  the  disengaged  elements 
ion  the  plates  of  the  decomposing  cell*.  This  is  of  the  same 
tture  as  the  contrary  force  in  the  cell  itself,  which  has  been 
ready  pointed  out  (§  721)  and  designated  by  e'  in  the  formula 
=(B  —  &  —  O  •  Assuming  this  contrary  affinity  to  be  constant,  it 
ay  be  represented  bye,  and  introduced  into  the  formula  thus; — 

E  -  e  . 

R  +  r 

id  tables  might  be  calculated  from  it  which  would  represent 
aproximatively,  the  quantity  of  decomposition  for  any  number 
I  cells  of  a  given  battery ;  while  the  results  obtained  by  regard- 
ig  the  voltameter  merely  as  a  resistance  would  be  widely  at 
iriance  with  truth.  I^fessor  Wheatstone  devised  a  very 
imple  means  to  determine,  on  this  supposition,  the  values  of 
bis  contrary  affinity,  and  of  the  added  resistance,  including 
bat  of  the  voltameter,  without  having  recourse  to  any  other 
oeasuring  instrument  than  the  voltameter  itself.  It  consists  in 
iomparing  two  experiments  in  which  the  resistances  remain  the 
WDe,  while  the  stun  of  the  efficient  forces  alone  vary.  It  is 
>1m(ms  that  if  there  existed  no  contrary  force  of  affinity,  the 
measured  effect  in  the  two  cases  should  be  simply  as  the 
nnmber  of  the  cells  in  the  series  employed.  A  battery  of  five 
single  cells  should  have  half  the  power  of  a  battery  of  ten  double 
cells :  but  instead  of  this  the  effects  measured  by  the  volta- 
ineter  are  as  6  :  20 ;  therefore 

1J|_Z.^    :    II-ZJ  :  :  20  :  6;  whence  e  =  2.857 

"2" 

The  value  of  r  in  the  formula,  i.e.,  the  resistance  which  the 
Voltameter  and  connecting  wires  add  to  the  circuit,  may  be 
'^rtained  in  an  analogous  manner:  for  taking  two  similar 
'^^tteries,  one  single  and  the  other  double,  of  ten  ceUs  each,  the 
'Willis  of  the  active  forces  will  remain  the  same,  while  the  interior 
^'^sistances  only  will  vary.  The  experimental  results  of  the  first 
^^ft  12.5,  and  of  the  second  20,  so  that 

lOE  -  e         lOE  -  e 


12.5  :  20 


lOR  +  r         lOR-f  r 

2 

*  PhUotophicai  TraniocHcm  for  1842,  p.  260. 
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whence  r  z=  3.333  R 

Substituting  the  values  thus  found  in  the  general  formula 

«E    -  e 


fiR  +   r 

we  obtain  the  following  comparison  of  the  results  of  the  calcu- 
lation with  those  of  actual  experiment: — 

Number  of  cells    3       4       5     10         15         20 


'^'SSLfd'''}     *    3*    «    12H    15H     ]7H  cubic  inC^. 
^T^rJed^J    H    H     Q     12i       m       17i    cubic  iacbet 

The  existence  of  such  a  contrary  force  of  affinity  as  has  hoe 
been  supposed^  and  its  great  energy^  are  amply  attested  hf 
connecting  the  platinum  plates  of  a  voltameter  which  has  been 
some  time  in  action,  with  a  galvanometer,  when  a  deviation  wiD 
be  obtained  indicating  a  strong  current  in  an  opposite  diredioe 
to  that  of  the  original  current  which  it  had  been  the  means  of 
conducting. 

§  753.  4th.  To  show  the  general  agreement  of  the 
modified  formula  with  the  results  of  various  and  most  trying 
combinations  of  the  cells  which  we  have  taken  as  our  standard 
of  comparison  (§  749),  we  will  now  take  the  results  of  i 
series  of  experiments  which  were  made  for  the  purpose,  and 
compare  them  with  the  results  of  calculation  in  a  table : 

e  was  found  to  be  by  experiment      :=  2.49    E 
r  by  a  mean  of  several  experiments   r=:  0.541  R 

If  unity  be  taken  to  represent  the  maximum  work  that  fl9 
single  circuit  can  produce,  (which  we  found  to  be  equal  to  SS 
cubic  inches  of  mixed  gases  per  5  minutes^)  then  E  will  be  ^ep^^ 
sen  ted  by  1,  and  R  also  by  1,  and 

J?=    1 
R 

It  is  evident  that  in  an  effective  circuit  the  resistance  can 
never  be  equal  to  the  electromotive  force,  R  can  never  eqiud  ^ 
but  for  the  convenience  of  calculation  it  may  be  assumed  to  be 
so ;  and  as  all  the  quantities  in  the  numerator  of  the  firactioD 
are  compared  with  E,  and  all  in  the  denominator  with  By  tbe 
relative  proportions  will  be  exact. 
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Taking  then  the  formula 

TiE  —  e 


=  A 


II  R  +  r 

E=l  and   R=l,  then  e  =  2.49  and  r=  0.541  ;    and  substi- 
ting  different  numerical  values  for  r^  we  obtain 


Calculat.     Experim« 
Cub.  In.      Cub.  In. 


»r  4  single  cells 
4  double  cells 

4  treble  cells 

4  quadruple  cells 

4  quintuple  cells 

5  tingle  cells 
5  double  cells 

^  treble  cells 

^  qoadruple  cells 

10  Bugle  cells 


ZA^»  =  L^  =  0.a325  =    8.31 


+  0.641  ""4.541 

"^•^^  =  LIL  =  0.5942  =  14.85 

+  0.641      ^'^^ 


"  2.49        \M 
+  0.641      ^-^^^ 


-  2.49 


+  0M\ 


L61 
1.641 


=  *i"   =0.9799=24.5 


--2.49  -^1^51^  ■■1.126    =28.15 

J^.  +  0.541       ^-^^ 
6 

5^^2^9  =2^  ^  Q  453    ^  jj  33 

5  -h  0.641      5.541 

^^l1^  =?:5L  =  0.8254  =  20.63 
J? +  0.641     3-^*     " 

2 

5  -  2.49        2jl^  ^  ^  33y    _  28.42 

*  + 0.641      2.208 
3 

^-"•^=?:^  =  1.401    =35.04 


1.791 
7.61 

10 +  0.541"' 10.541 


-^  +  0.541 

4 

10  -  2.49 


=  0.7124  =  17.81 


10  double  cells     !lz.!:iL  =  ,?:5i  =  1.355   =33.88 


16  nngle  cells 
^ibgle  cells 


12+0.541      ^'^^ 

15  -  2.49        12^       Q  Qj  jy        g^  29 
15  +  0.541      15.541 

!!Llli?L  =11:^  =  0.8524  =  21.31 

90  +  0.541      20.541 


75 

13-7 


=  1:?L  =  0.8071  =  20.17        21 


25-5 

30 

11-25 
20-5 

28'7 
35-2 

15-7 
33-7 

18-7 
22. 


Hie  agreement  of  the  calculated  and  experimental  results 
^  sach  complicated  circumstances^  as  shown  in  the  last  two 
famns  of  the  preceding  table,  must  be  deemed  very  satisfisc- 
*y  3  and  it  is  worthy  of  remark^  that  the  result  of  the  indepen- 
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dent  experiment  with  the  single  cell^  25  cubic  inches,  is  almost 
identical  with  that  deduced  from  the  experimental  determinatioD 
of  five  cells;  taking  11.25  cubic  inches  to  represent  accuratdj 
the  fraction  0*453 :  and  indeed  it  agrees  very  closely  with  die 
calculated  results  of  the  above  table  whatever  combinstionbe 
taken  as  the  foundation  of  the  experiment. 

§  754.  5th.  The  influence  of  the  dimensions  of  the  plittt 
of  a  voltameter  will  determine^  of  course^  the  area  of  the  sedki 
of  the  liquid  which  it  contains;  and  consequently  its  resistnee 
upon  the  amount  of  decomposition,  may  also  be  submitted  ti 
calculation  in  the  same  way.  This  influence  will,  of  course,  k 
most  perceptible  when  a  small  number  of  elements  presentbg 
a  large  surface  is  employed ;  whereas,  when  a  numerous  seriei 
is  made  use  of,  the  dimensions  of  the  electrodes  are  of  ttdi 
consequence :  the  nmnber  being  able  to  overcome  the  resistus 
of  the  small  plates.  Some  experiments  which  were  made  widi 
a  large  voltameter,  kindly  lent  to  the  author  for  the  purpose  bf 
Mr.  Gassiot,  will  place  this  in  a  striking  point  of  view.  Hie 
voltameter  consisted  of  five  pairs  of  platinum  plates,  each  fov 
inches  by  S^  inches^  at  an  average  distance  of  half  an  inch 
apart,  lliese  were  so  arranged  that  any  number  of  them  mig^ 
at  pleasure  be  connected  with  a  battery. 

20  ceUs  of  the  battery  were  so  arranged  as  to  form  a  seriei 
of  5  quadruple  cells,  and  then  connected  with  one  pair  of  pbtfli 
of  the  voltameter.  By  a  mean  of  two  experiments  thejgat 
26'2  cubic  inches  of  gases  for  five  minutes. 

When  all  the  plates  of  the  voltameter  were  connected  wA 
the  battery^  the  product  of  gases  for  five  minutes  was  38  cob 
inches. 

The  same  battery  arranged  to  form  a  series  of  20  si^jb 
cells,  furnished  with  one  pair  of  plates  16  cubic  inches,  oi 
with  all  the  plates  the  result  was  the  same. 

Now  by  experiment,  if  E  =r  1,  c  =  2.49,  R  =  1,  r  =  resit- 
ance  with  one  pair. 


(1.)  1 20  with  one  pair   s= 
(2.)(20  with  five  pairs  =r 


20  -2.49 

17^1 

20  +  r 

20  +  r 

20  -  2.49  == 

17.51 

20  +  1. 
o 

20+1 
6 

=  18. 


s  18. 


:»•) 
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r»  <iuadruple  with  one  piiir    =    "Z^dH.  =     ^'''L.  =  2(8.2. 

5  quadruple  with  five  pairs  =   * ' —  = '- =  32. 

5   +  r         ]  .25  +  r 

4       5  J 


ince  the  electromotive  forces  in  the  two  last  expressions  are 
le  same,  we  can,  by  comparing  them,  ascertain  tlic  value  of  /*. 
Tius: — 

1^5  +  r  :  1.25  +    -  :  :  32  :  2fi.2 

5 

18.125         1         , 
r  =: =    _  nearly. 

52.4  3  •" 

•low  substituting  tliis  value  of  r  in  the  expressions  (1.)  and  (2.), 
nd  adopting  the  experimental  result  of  16  cubic  inches,  we 
obtain  for  Calculation. 

(1.)  the  fraction  iZ:^  =  16.2 

20.33 

(2.)  tbp  fraction  IMl  =  16.0 

20.06 

lite  calculated  results  it  will  be  seen  almost  coincide  with  each 
^er,  as  do  the  experiments. 

Bv  the  substitution  of  different  values  for  R  and  r  in  the 
bnnula,  it  will  l>e  found  that  every  different  arrangement  must 
hire  a  distinct  number  in  series,  which  it  will  be  most  advan- 
ligeoas  to  work  with,  and  this  number  will  var}*  in  the  same 
viingement,  with  the  nature  of  the  electrolyte,  and  also  with 
tte  rise  of  the  battery  plates.  It  will  appear  from  calcula- 
^9  that  the  most  advantageous  combination  is  that  in  which 

^  value   of  A  (in   the  formula  —^r =r  A)  most  nearly 

\  n  R  +  r  /  ^ 

fiproachea  to  0*5.  It  will  therefore  vary  even  in  batteries  of 
^  same  chemical  construction ;  increasing  as  R  diminishes  in 
''loportion  to  r.  Or  in  other  words,  when  the  plates  are  large, 
■  more  numerous  series  is  required,  than  when  small,  to  produce 
ke  moflt  advantageous  results.  This  is  likewise  the  case  when 
be  exterior  resiatance  is  increased :  in  both  cases  R  is  virtually 
Sminiflhed  in  respect  to  r. 

Tlie  reaurtancea  of  reversed  cells  in  a  series,  and  in  general 
H  poarible  combinations  of  active  forcea,  direct  and  opposite, 
ritt  ?arloiu  resistanoea^  may  be  submitted  to  calculation  in  the 

2u 
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same  manner  with  a  precision  and  simplicity  which  leaTc 
to  be  desired  in  this  branch  of  our  subject,  but  our  lim 
not  admit  of  our  doing  more  than  thus  indicating  the  i 
by  which  the  phenomena  of  circulating  affinity  hav 
brought  under  the  powerful  dominion  of  the  mathematio 

It  has  been  already  observed  that  the  position  of  t 
within  the  sphere  was  immaterial  to  the  effects,  and  it  is  < 
that  wherever  placed  within  a  sphere  or  cylinder,  tin 
distances  of  the  metals,  and  consequently  the  mean  an 
the  interposed  liquid,  must  be  the  same. 

A  zinc  rod  of  half  an  inch  in  diameter,  placed  in  the 
a  copper  cylinder  Sj^  inches  diameter,  produces  a  certain 
which  is  scarcely  augmented  in  an  appreciable  degre 
second,  or  even  a  third  similar  rod  placed  in  contact  i 
the  results  of  experiment  were  as  follows : — 

1  rod   =  2.2 

2  rods  =  2.4 

3  rods  =  2.5 

Each  rod  separately  would  have  been  capable,  in  its  posit 
producing  the  full  effect  of  one ;  but  each  was  screened 
two  others  from  the  full  aspect  of  the  conducting  cylind 
but  a  slight  advantage  was  gained  from  the  combinatio 
slight  increase  of  the  section  of  the  liquid,  uncompeius 
any  increase  of  a  distance* 

§  755.  It  may  be  anticipated,  that  if  each  rod  w 
moved  as  nearly  as  possible  to  the  sides  of  the  cylinder, » 
be  equidistant  from  the  other  two,  the  screening  influena 
not  take  place  to  the  same  extent,  and  that  a  greatly-inc 
effect  would  be  produced  (137). 

Upon  making  the  experiment  with  the  rods  and  cjhi 
the  last  experiment,  the  result  was  increased  to  3*1* 

(137)  A  glance  at  the  annexed  diagram  will  explain  the 
ence  of  the  two  arrangements;  fig.  1  representing  a  section 
first,  and  fig.  2  of  the  second. 

Fig.  1.  Fig.  2. 
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§  756.  Tbe  Uw  of  the  exact  compensation  of  the  greater 
iitance  of  tbe  increased  depth  of  die  electroljrte,  by  the 
enson  of  tbe  area  of  its  mean  aet^on,  in  of  course  only 
Ifaematically  correct  where  the  interior  wire  is  indefinitely 
til,  bat  practically,  half-inch  rods  bear  oo  small  a  proportion 
cylinders  of  3)  inches  diameter,  that  the  results  are  not 
tcsially  affected  by  their  dimensions.  When,  however,  the 
trior  cylinders  are  enlarged,  the  depth  of  the  liquid  is 
reased,  and  the  area  of  its  section  increased  at  the  same 
e,  and  the  circulatiiig  force  rapidly  augments  (138).  The 
illB  are  easily  submitted  to  calculation. 

^  757.  In  the  preceding  observations  the  cylinders  and 
lods  have  been  taken  of  equal  heights ;  when  one  is  shorter 
n  the  other,  it  will  be  obTiooa,  from  a  bttle  consideration, 
t  the  decrease  of  length  is  equivalent  to  an  increase  of 
tance  below  the  two. 

In  some  experiments  which  were  carefully  made  with  the 
ignefs  thermometer,  an  amalgamated  zinc  rod  was  sueces- 
(ty  inunersed  in  the  acid  in  a  copper  cylinder  3$  inches  high 
tike  following  depths,  and  with  the  results  set  down  in  the 

it. 

Length  of  Zinc  Degreet  of  ThermDmet«r, 

i  indi  7° 

i  inch  19° 

I  inch  SS" 

1     inch  4SP 

Ij  inch  67° 

3^  inches  97° 


(138)     Let  c  c,  fig.  3,  represent  a  section  of  a  copper  cylinder  fintr 
Ala  in  diameter,  and  z  an  indefinitely  small  zinc  rod  in  the  axis.    Let 
cirea  of  the  copper  plate  be  100,  the  area  of  the  mean  section  of 
Kg.  3.  Rg.  4. 


Duo  100    75     50 

electrolyte  (m  <)  will  b«  =  50.     The  distance  of  c  from  z,  or  the 
*li  of  the  electrolyte,  will  be  2  iocbes.    Let  the  rod  =  be  replaced 
3  L  2 
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In  a  copper  cylinder,  twenty-one  inches  in  height,  charpi 
with  dilute  sulphuric  acid  next  the  zinc,  and  sulphate  of  oop|Nr 
next  the  copper,  an  amalgamated  zinc  rod  lost  51*5  grains  m 
five  minutes ;  a  rod  of  half  the  length  lost  in  the  same  time 
26*1  grains.  In  a  similar  cylinder,  six  inches  in  height,  chaigei 
in  a  similar  manner,  a  zinc  rod  of  equal  length  lost  12  gninj^ 
a  rod  of  half  the  length  lost  6*6  grains  in  the  same  time.  Ik 
results,  therefore,  of  each  cylinder  may  be  taken  as 
proportioned  to  the  lengths  of  the  rods  immersed  in  them  (li 


§  758.  We  have  hitherto  considered  the  force 
thrown  into  action  in  the  simple  circuit  of  Galvani,  or 
compound  battery  of  Volta,  as  circulating  affinity;  and  it 
impossible  to  doubt  that  the  causes  which  produce  the 
effects  of  light  and  heat,  and  of  chemical  decomposition 
combination,  according  to  the  laws  of  equivalent  pro] 
all  these   effects  being  synchronous  in  their  manifestion, 
identical  in  their  nature,  although  they  are  separated  in 
in  one  case,  and  concentrated  in  a  point  in  the  other.    It 
be  impossible,  moreover,  not  to  suspect,  from  a  similarity i 
certain  other  effects  with  those  of  electricity,  which  this 
of  the  action  enables  us  to  develope,  such  as  the  shock  whkki 
is  capable  of  imparting  to  the  living  body,  the  ease  with 
it  passes  through  non-conductors,  and  its  insulation  by 
conductors,  that  these  two  forces  are  also  identical;  and 
which  would  be  a  highly  reasonable  hypothesis  at  the  point 


by  a  cylinder  of  zinc  z  z,  two  inches  in  diameter,  fig.  4.    The 
section  will  be  increased  to  75,  and  the  depth  of  the  electrolyte  «1 ; 
be  decreased  to  1  inch. 

The  force  would,  therefore,  be  increased  in  the    proportioi  « ; 
50  :  75  for  the  first,  and  of  1   :  2  for  the  second;    conseqaeidli 
compounding  the  proportions,  the  force  circulating  in  the  first 
ment  would  be  to  that  in  the  second  as  1  :  3. 


f z • 


(139)  Let  c  c  c'  c'  represent  a  sectiottrf* 
copper  cylinder,  and  z  z'  a  zinc  rod  of  half  ili 
height;  in  any  action  which  may  take  place  fii* 
the  point  of  the  rod  z'  to  the  lower  luJf  of  At 
cylinder  c',  the  distance  between  the  metab  i^^i 
or  virtual  depth  of  the  liquid,  being  greatly  if* 
mented,  the  influence  of  the  lower  half  wiB  k 
proportionately  diminished. 


•^ 
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1  we  have  carried  our  investigation,  will  be  converted  into 
inty  as  we  proceed. 

§  759-  With  this  additional  view  of  the  connexion  of  the 
omena,  let  us  cast  our  eye  ])ack  upon  the  ground  which  we 
gone  over. 

"here  can  be  no  hesitation  in  admitting  that  the  force  of 
ty,  both  in  its  local  and  current  condition^  is  called  into 
n  by  the  contact  of  the  heterogeneous  particles  of  dissimilar 
;s:  regarded  as  electricity,  the  charge  and  discharge  in 
irst  case  is  limited  to  the  points  of  contact;  while  in  the 
id,  by  a  new  species  of  conduction,  involving  the  decom- 
ion  of  a  compound,  and  the  transfer  of  its  elements,  the 
^  is  communicated  to  a  distance,  and  returns  to  its  dis- 
»e  by  another  path  of  appropriate  conductors.  Tliat  one 
le  active  bodies  should  be  a  good  conductor  of  electricity, 
the  other  a  liquid  compound,  are  essential  conditions  of  the 
dation:  the  first,  that  the  force  may  readily  diffuse  itself 
I  every  point  of  its  surface;  and  the  second,  that  the  neces- 
transfer  may  take  place.  In  the  excitement  of  electricity 
he  friction  of  dissimilar  substances,  the  contact  is  broken 
renewed,  with  successive  particles,  by  a  kind  of  intermitting 
)n,  and  by  the  rapid  mechanical  separation  of  tlie  two  bodies 
r  charge  may  be  communicated  to  other  bodies  in  a  manner 
:h  has  been  already  explained.  In  its  excitement  by 
nical  action  fresh  particles  are  also  brouglit  into  contact  in 
tinuous  succession,  while  those  which  are  spent  or  neu- 
ized  are  successively  removed  in  combination  by  the  action 
oncurring  forces. 

{  760.  In  both  cases  the  charge  is  substained  and  com- 
licated  by  induction,  or  the  polarization  of  the  particles  of 
ter,  which  must  always  precede  and  accompany  conduction, 
en  an  extensive  voltaic  series  of  some  hundreds  of  couples 
lerfectly  clean  plates  is  simply  charged  with  distilled  water, 
idi  we  have  already  seen  is  so  bad  a  conductor  of  electricity 

0  allow  of  a  disruptive  discharge  through  it  in  the  form 

1  ipark  (§  736);^  it  is  clearly  shown  that  induction  takes 
e  in  it  of  precisely  the  same  nature  as  that  which  arises 
1  dectricdty  by  friction,  for  each  extremity  will  exhibit 
wge  of  electricity  sustained  by  the  induction  of  the  air  to 
wnidiiig  oondactora,  and  which  may  be  manifested  by  the 
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UBual  attractions  and  repulsions,  and  even  sparks,  by  wh 
recognise  electricity  from  friction.  It  will  be  found  that 
these  circumstances,  the  zinc  extremity  of  the  battery  po 
a  vitreous,  and  the  copper  extremity  a  resinous  charge. 

^  7G\.  The  amount  of  this  effect  of  high  intenai 
not  at  all  depend  upon  the  size  of  the  plates,  but  is  ] 
tionate  to  the  number  of  alternations.  A  battery  constni 
pieces  of  copper  tube  fths  of  an  inch  diameter,  and  2^ 
long,  with  a  piece  of  zinc  wire  of  ^th  of  an  inch  dii 
soldered  to  each,  and  turned  down  into  tlie  aiis  of  th 
without  metallic  contact,  and  consisting  of  a  series  of  lOS 
be  quite  equal  to  a  battery  of  the  same  number  of  pi 
inches  square,  and  capable  of  producing  all  the  effects  wh 
are  about  to  describe. 

A  gold-leaf  electrometer,  placed  in  connexion  with 
end,  will  open  out  with  either  electricity,  as  has  jnH 
stated,  and  if  at  the  same  time  the  electricity  of  the  of 
end  be  discharged,  the  leaves  will  expand  still  further,  h 
analogous  cases  of  conunon  electric  charge.  When  tfa 
ends  are  connected  severally  with  an  insulated  slip  t^  gol 
upon  gradually  approaching  the  two  they  will  attract  eadi 
and  a  spark  will  pass  between  them.  By  moiatening  the  I 
and  touching  the  two  extreme  cells,  a  slight  shock  t 
experienced. 

§  762.  These  effects  may  be  very  much  ineroiMd 
more  advantageous  arrangement  of  the  terminal  induetri 
inducteouB  sur&ces:  thus,  if  one  of  the  enda  of  thelatt 
connected  with  the  insulated  plate  of  a  eondenaSj  i 
instantly  become  charged,  and  when  the  opponte  plats  ii 
drawn,  the  electrometer  will  indicate  a  mnch  hi^wr  dh| 
intensity.  The  chai^  may  also  be  raitained  Oaaa^ 
and  transferred  to  the  mebdlic  surbce  of  the  Lejdan  h 
If  wires  proceeding  £rom  each  extremity  of  the  wmm  be  i 
tivdy  connected  with  the  inner  and  outer  sur&ice  of  a: 
battery,  of  not  less  than  12  square  feet  of  coated  s 
be  ebMiged  so  rapidly,  that  sparks  may  be  obtained  I 
rajHd  Buooession  by  connecting  a  fine  wire  with  its  out 
and  successively  stiikiiig  the  knob  with  its  other  < 
"Hie  fine  pcnnt  of  a  penlmifie,  or  thin  metallic  leaves,  ■ 
be  bwnedj    phosphOTOS   inflamed,    end   fulminating  ] 
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xploded.  No  such  power  is  possessed  by  the  voltaic  arrange-- 
lent  alone ;  but  it  communicates  the  charge  to  the  battery  so 
istantly,  that  almost  continuous  discharges  may  be  procured, 
"he  intensity  is  limited  to  that  which  is  due  to  the  number  of 
le  series^  but  the  extent  of  surface  which  may  be  thus  thrown 
ito  inductric  action  is  unlimited.  When  the  human  body  is 
lade  the  medium  of  communication  between  the  surfaces  of  a 
i^  battery  thus  perpetually  charged,  the  rapidly  intermitting 
u>ck  which  is  received  is  very  unpleasant. 

§  765.  The  polarity  of  the  voltaic  arrangement  is  also 
lOiwn  by  breaking  the  series  at  any  part,  when  each  portion 
ill  exhibit  a  resinous  and  vitreous  extremity^  just  as  in  break- 
ig  a  magnet  each  fragment  exhibits  a  north  and  south  pole. 

These   effects  are  of  course  annihilated,   by  bringing  the 
fxposite  ends  of  the  series  into  metallic  communication;  but 

10  continuous  current  of  any  amount  takes  place  when  the 
ircnit  is  closed,  on  account  of  the  non-conducting  power  of  the 
pxe  water  which  is  everywhere  interposed.  When  the  extre- 
mities are  connected  with  platinum  wires,  dipping  into  water 
even  acidulated  with  sulphuric  acid^  no  decomposition  is  mani- 
fested, however  numerous  the  series  may  be;  but  a  slight 
decomposition  is  shown  when  a  solution  of  iodide  of  potassium 

11  made  the  medium  of  communication. 

§  764.  The  electric  column  of  De  Luc  presents  these 
polu  phenomena  in  a  very  striking  form.  It  consists  of  pairs 
of  very  thin  silver  and  zinc  discs  not  more  than  f  ths  of  an  inch 
in  diameter,  piled  up  in  regular  order,  with  the  intervention  of 
vriting-paper,  to  the  number  of  some  thousands.  Tliey  may, 
ii  &ct|  be  formed  of  strongly  gilt  paper  and  zinc  foil  cut  out 
tith  a  punchy  and  inclosed  in  a  glass  tube  fitted  with  brass 
ei|ii  at  each  end^  and  carrying  screws  by  which  they  can  be 
lirwcd  together.  If  the  paper  be  dried  artificially,  the  column 
rill  be  inactive^  but  its  ordinary  hygrometric  moisture  will  be 
■flkient  to  throw  it  into  a  strong  polar  state.  A  series  of 
000  or  3000  is  sufficient  to  affect  the  gold-leaf  electrometer, 
nd  one  of  20fiO0  will  cause  pith-balls  of  ^th  .of  an  inch 
•HUBler^  Boapended  by  threads  of  4  inches  long,  to  diverge  to 
lie  distuioe  of  2  inches  and  upwards.  By  connecting  one 
Itmnity  of  the  aeries  with  a  fine  iron  wire^  and  drawing  its 
oint  Ug^tly  over  the  other  extremity^  a  slight  layer  of  vamiah 
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being  interposed,  a  series  of  minute  sparks  may  be  ol 
A  Leyden  battery  may  also  be  charged  by  it,  so  as  to  o 
a  disagreeable  shock  to  be  felt  distinctly  in  the  elbo 
shoulders. 

This  apparatus  will  retain  its  power  for  years  if  ke 
state  of  insulation,  but  loses  it  if  the  ends  are  allowc 
connected  together  for  any  length  of  time.  No  curren 
ever,  is  established  under  these  circumstances  which 
detected  by  any  chemical  decomposition  (140). 

§  765.  Now  this  state  of  polarity  is  manifested  [ 
to  the  same  degree,  dependent  upon  the  number  of  ttu 
when  the  voltaic  battery  is  charged  witli  dilute  acid  in! 
pure  water.  The  particles  of  the  liquid,  as  well  as  of  thi 
are  thrown  into  a  similar  state  of  tension,  which  is  only 
by  a  good  conducting  communication  between  the  two  i 
poles.  The  difference  of  the  effects  may  be  well  shown 
necting  the  two  poles  of  such  a  charged  battery  with  ii 
strips  of  gold  leaf,  when,  upon  approximating  them  u 
they  ^ill  attract  each  other  (141);  but  instead  of  the  i 


(140)     When  De  Luc's  column  is  placed  with  each  end 
nexion    with   a   gold-leaf  electrometer   as   here    represented 

the  instruments  will  dire 
vitreous,  and  the  other 
sinous  electricity.  Wl 
electricity  of  either  cn< 
charged  by  a  good  ooi 
communication  with  the 
the  opposite  force  is  exal 
the  divergence  of  the  1< 
creases;  and  when  a 
communication  is  made 
the  two  ends,  all  signs 
tricity  cease. 


(141)  This  experiment  may  be  p< 
with  the  electrometer  here  represented, 
glass  shade  mounted  upon  a  base,  b. 
covered  with  a  piece  of  dry  varnished  wo 
which  the  glass  tubes,  d  d^  slide  backwi 
forwards,  and  through  which  pass  wires 
gold  leaves  suspended  to  their  lower  ezti 
The  distance  of  the  gold  leaves  may  be  ao 
adjusted  by  a  rack  and  pinion. 
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zatioii  of  the  charge  hy  a  mere  spark,  a  rush  of  electricity  will 
bum,  and  utterly  disperse  the  metal,  which  is  insufRcient  for  its 
transmission.  This  strong  current  makes  its  way  through  the 
liquid  portion  of  each  cell  by  a  new  species  of  convection,  of 
which  the  polar  arrangement  is  the  antecedent  condition. 

5  766.  We  have  upon  a  former  occasion  (§  363)  traced 
the  progress  of  the  carrying  discharge  of  common  electricity : 
the  charged  particles  which  travel  may  be  considered  as  masses 
of  matter,  large  or  small,  compound  or  simple  ;  and  they  move 
towards  other  masses  of  matter  in  which  they  have  produced 
the  opposite  state,  by  induction  and  polarization  of  intervening 
pirtides.  The  convection  of  the  voltaic  charge  can  only  be 
effected  by  the  separation  of  the  constituent  particles  of  bodies 
in  certain  equivalent  proportions,  from  compounds  in  which 
tbey  had  been  previously  combined  in  the  same  proportions, 
and  they  move  also  under  the  influence  of  the  same  kind  of 
polarity  previously  induced.  This  forced  condition  never  reaches 
fte  highest  degree  of  intensity,  because  it  is  relieved  by  the 
yielding  of  the  compound. 

§  767-  The  simplest  case  of  this  convection  is  presented 
to  US  when  the  current  is  led  from  a  series  of  generating  cells 
into  a  retarding  cell,  through  which  it  has  to  force  its  passage 
without  the  assistance  of  any  concurring  aflinity.  The  plates 
b^  which  it  passes  into  and  out  of  the  liquid  have  been  aptly 
denominated  electrodesy  as  being  the  doors  by  which  the  current 
enters  and  departs.  They  may  be  further  conveniently  dis- 
tingnuhed  as  the  zincode  and  the  platinodey  the  former  being 
Eiie  plate  which  occupies  the  position  of  the  generating  plate  in 
lie  battery,  and  the  latter  of  the  conducting  plate.  Through 
lie  intervening  stratum  of  water,  rendered  conductive  by  sul- 
ihnric  acid,  it  can  only  pass  by  convection  and  decomposition  of 
he  water.  For  this  the  particles  of  oxygen  and  hydrogen 
rwel  in  opposite  directions,  separating  from  one  and  recom- 
iiiing  witih  another  throughout  the  series  of  previously  pola- 
■ed  pBrtideSy  till  the  last  particle  of  hydrogen  gives  up  its 
to  the  platinode  and  the  oxygen  to  the  zincode,  and  each 
off  in  ita  own  elastic  form.  The  convection,  therefore, 
be  rqpffded  as  the  transfer  of  a  single  force  in  one 
fajBtJonj  but  of  two  forces  in  opposite  directions,  and  hence 
kb  VkMidBf  ^^  hapinly  designated  the  electric  current^  whether 
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in  metals,  or  liquids,  or  air,  as  ^^  An  axis  of  power  having  con- 
trary forces,  exactly  equal  in  amount,  in  contrary  directionB.'' 

§  768.  The  polarity  of  the  arrangement,  when  in  a  starts 
of  action,  is  well  illustrated  by  interposing  between  the  dep- 
trodes  a  plate  of  platinum ;  the  side  of  such  a  plate  winck 
fronts  the  zincode  will  give  off  hydrogen,  and  the  opposite  aide 
the  equivalent  oxygen.  If  a  plate  of  copper  be  substituted  if 
the  platinum,  and  sulphate  of  copper  be  added  to  the  electm* 
lyte,  the  first  will  be  coated  virith  fresh  precipitated  copper,  ani 
the  second  oxidated  and  dissolved  to  exactly  the  same  amooii. 
The  current  which  enters  by  the  zincode  is  conveyed  by  Ae 
liquid  under  decomposition  to  the  metallic  diaphragm,  to  vU 
it  gives  up  its  charge,  it  re-enters  the  liquid  on  the  other  fldis^ 
and  passes  on  to  the  platinode,  and  the  opposite  &oe8  rf  As 
plate  exhibit  that  opposition  of  forces  which  characteiiiei  Ae 
whole  process. 

§  769.  The  same  kind  of  convection  takes  place  inAt 
generating  cells  of  the  battery,  but  the  combination  of  As 
disengaged  elements  at  the  two  electrodes  not  only  removes  > 
strong  opposing  force,  but  perpetually  renews  the  hete^og^ 
neous  contacts  by  which  the  current  is  generated,  exalted,  ml 
maintained. 

§  770.  The  inductive  influence  which  precedes  and  a^ 
companies  the  current  of  the  voltaic  battery,  and  whidi^e 
have  illustrated  by  the  compound  circuit,  may  also  be  pfotri 
to  exist  in  the  single  galvanic  circuits,  which  we  have  previoQitf 
examined,  though  not  exalted  to  the  same  degree  of  intemitf* 
In  them  we  have  been  able  to  trace  the  course  and  distribatki 
of  the  force  by  the  deposition  of  metallic  copper,  which  mtAd 
the  limits  of  its  action,  and  we  have  found  that  it  not  onlf 
radiated  in  straight  lines  from  the  generating  to  the  anttfiv 
surface  of  the  conducting  plate,  but  that  it  bent  round  the  edgei 
of  the  latter,  and  could,  in  fact,  be  wholly  sustained  by  i^ 
posterior  surface.  The  same  "  turning  of  a  corner,^  has  bcea 
already  adduced  as  evidence  of  the  polarization  of  the  paitidei 
of  a  dielectric  in  the  instance  of  common  electric  indactuV} 
(§  328,)  and  the  bent  direction  of  the  force,  in  the  present 
instance,  can  only  be  accounted  for  on  the  same  princtpk* 
There  is  a  complete  analogy  between  the  case  in  which  a  caniv 
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ball  is  brought  near  to  the  middle  of  a  flat  disc  of  metal^  placed 
upon  an  excited  cylinder  of  shell-lac  witliout  receiving  a  charge^ 
although  one  might  be  obtained  all  round  the  edge  (fig.  83^ 
p.  256) ;  and  that  of  the  deposition  of  a  ring  of  precipitated 
copper  round  the  edge  of  the  under  surface  of  a  brass  plate, 
under  the  influence  of  a  ball  of  zinc,  while  the  centre  was  free 
firom  it  (§  716). 

i  771*  We  must  not  omit  to  mention  that  in  Volta^s 
view  of  the  phenomena,  the  source  of  electricity  was  the  contact 
of  the  dissimilar  metals,  and  not  chemical  affinity,  to  which  we 
have  referred  it.  When  two  metals,  the  most  dissimilar  in 
regard  to  their  attraction  for  oxygen,  are  insulated,  and  made 
to  touch  each  other,  and  again  separated,  the  most  oxidizable 
will  be  found  by  the  usual  tests  to  be  in  a  state  of  vitreous 
excitation,  and  the  least  in  the  opposite  state.  We  have  already 
seen  (§  307)^  that  if  a  plate  of  metal  be  placed  upon  the  cap  of 
gold-leaf  electrometer,  and  zinc  filings  be  sifted  upon  it  dirough 
a  copper  sieve  held  by  a  glass  handle,  the  leaves  will  diverge 
with  vitreous  electricity,  and  the  sieve  will  be  found  in  a 
lesinous  state.  With  a  zinc  sieve  and  copper  filings,  the  elec- 
trical changes  will  be  reversed.  If  we  arrange  the  metals  in  the 
following  order,  which  is  that  of  their  affinity  for  oxygen,  each 
will  become  resinous  by  the  contact  of  that  which  precedes  it, 
and  vitreous  by  the  contact  of  that  which  follows  it,  and  the 
greatest  effect  will  be  produced  by  the  contact  of  the  most 
distant  metals  of  the  series : — potassium,  zinc,  lead,  tin,  iron, 
copper,  mercury,  silver,  gold,  platinum.  The  interposed  liquid 
was  r^arded  by  the  inventor  of  the  pile  merely  in  the  light  of 
an  imperfect  conductor,  which  allowed  of  the  accumulation  of 
tlie  electrical  fluids,  disengaged  by  the  electromotive  power  of 
die  metalsj  by  a  species  of  inductive  influence. 

§  772«  Dr*  Faraday  was  the  first  to  prove,  by  an  unam- 
bignouB  experiment,  which  we  have  already  described  (§  7^^)^ 
that  the  contact  of  dissimilar  metals  is  not  necessary  to  the 
cenention  of  a  voltaic  current,  and  that  the  force  is  exactly 
pnyportioned  to  the  amount  of  chemical  action.  As  the  con- 
tmj  opinion,  however,  still  finds  supporters,  it  may  not  be 
aopeiAiioiui  to  add  some  other  proofs  which  he  has  since 
•ddnoed  of  the  dependence  of  the  current  upon  chemical  affinity. 
If  m  plate  of  iron  and  a  plate  of  platinum  be  each  connected 
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with  one  of  the  wires  of  ia  galvanometer^  and  immersed  into 
strong  nitric  acid^  no  chemical  action,  as  we  have  already  noticed 
(§  471)9  will  take  place;  and,  notwithstanding  the  contact  of 
the  dissimilar  metals,  no  effect  will  be  produced  upon  de 
instrument ;  but  if  a  little  water  be  added  to  the  acid,  vioknt 
action  will  be  established,  and  the  needle  will  be  strongly  ind  jj 
permanently  deflected. 

Again ;  an  efficient  current  for  a  short  time  may  be  esti- 
blished  by  iron  and  lead  immersed  in  a  solution  of  sulphmetof 
potassium ;  but  when  the  lead  becomes  coated  with  sulpfanRt 
of  lead  all  chemical  action  ceases,  and  the  current  ceases  wiA 
it,  although  sulphuret  of  lead  is  an  excellent  conductor,  and  the 
contact  between  the  two  metals  remains.  It  is  indeed  probaUe 
that  the  contact  of  different  species  of  matter,  whether  metaHie 
or  non-metaUic,  may  throw  them  into  a  preliminary  state  of 
polarity,  which  may  be  the  antecedent  in  fact,  of  all  chemkai 
action,  and  may,  when  exalted  by  induction,  manifest  itself  by 
phenomena  of  tension  such  as  those  of  the  De  Luc's  pile;  M 
there  is  every  reason  to  believe  that  the  definite  current  of  ftc 
voltaic  battery  can  only  be  maintained  by  that  decompositioB 
of  previously  united  elements  and  series  of  recomposition  to 
which  we  have  referred  it,  and  which  we  have  foimd  in  cfery 
case  to  be  limited  by  the  laws  of  chemical  affinity. 

That  the  contact  of  two  dissimilar  metals  producing  do 
permanent  change  whatever  in  their  states,  should  be  an  inex- 
haustible  source  of  a  power  acting  in  the  most  energetic  manner 
upon  chemical  compounds  according  to  the  laws  of  chemkal 
affinity,  is  perfectly  contrary  to  all  our  experience  of  the  powers 
of  nature,  but  that  a  force  derived  from  a  definite  chemiol 
action,  and  maintained  only  so  long  as  that  action  is  continued) 
should  be  limited  to  equivalent  chemical  effects,  is  quite  0 
harmony  with  the  general  view  of  the  connexion  of  physkJ 
phenomena  which  we  have  been  endeavouring  to  establish' 
^^  In  no  case  is  there  a  pure  creation  of  force — a  production  of 
power,  without  a  corresponding  exhaustion  of  something  to 
supply  it.'' 

It  is  not,  of  course,  denied  that  electricity  is  developed  fcy 
the  contact  of  metals;  but  it  is  small  in  quantity,  of  higk 
intensity,  and  intermitting  in  its  action ;  and  to  generate  1 
current,  the  contact  of  a  compound  liquid  with  a  metal  aeenif 
to  be  necessary,  as  has  been  before  explained. 
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XIV.     LAWS  OF  ELECTROLYSIS. 

§  773.  Wb  will  now  turn  from  the  battery  itself^,  and 
isider  the  force  which  is  thus  generated  as  an  independent 
wer,  over  which  we  have  complete  control,  applicable  to 
tain  work  at  any  given  point,  according  to  laws  which  we 
11  proceed  to  investigate ;  at  the  same  time  we  must  not  forget 
5  main  fact  of  circulation,  and  that  the  experimental  cell,  or 
y  other  obstacle  which  we  may  interpose,  constitutes,  in 
ility,  a  part  of  the  circuit,  the  resistance  of  which  reacts  upon 
ery  other  cell  and  conducting  portion  of  the  arrangements. 

We  have  already  seen  (§  738,  &c.,)  in  the  dissected  battery 
at,  when  the  current  is  led  into  a  voltameter,  or  other  arrange- 
cnt  in  which  the  oxygen  and  hydrogen  of  the  decomposed 
ater  are  both  evolved  and  collected,  the  check  is  felt  through- 
Qt  its  course,  and  no  more  hydrogen  is  evolved  or  zinc  oxi- 
ated  in  each  generating  cell,  than  is  equivalent  to  the  hydrogen 
nd  oxygen  forced  asunder  in  the  resisting  cell. 

The  process  of  resolving  a  compound  body  into  its  elements, 
»r  proximate  principles,  by  the  voltaic  current,*  has  been  named 
^trolygiSy  and  substances  which  are  capable  of  such  decom- 
xmtion  are  called  electrolytes. 

§  774.  One  essential  condition  of  electrolysis  is  liquid- 
ity ;  the  elements  of  a  compound  cannot  travel  when  restrained 
^  cohesion ;  and,  with  very  rare  exceptions,  compound  bodies 
cannot  transmit  the  current,  except  by  electrolysis. 

If  one  of  the  electrodes  of  a  powerful  battery  be  separated 
from  the  other  in  water,  by  a  film  of  ice  not  more  than  one- 
*»xteenth  of  an  inch  in  thickness,  there  will  not  be  the  slightest 
tfect  upon  a  galvanometer  included  in  the  circuit;  but  if  a 
■mall  portion  be  thawed,  so  as  to  form  the  thinnest  possible 
film  of  water  between  the  two,  the  needle  wiU  be  permanently 
deflected. 

A  great  variety  of  both  primary  and  secondary  combinations 
u^  subject  to  the  same  law.  On  fusing  a  little  chloride  of  lead 
^  a  glass  capsule  by  a  spirit-lamp,  and  introducing  into  it  two 
>Iatinum  wires  connected  with  the  poles  of  the  battery,  powerful 
ction  will  take  place,  the  galvanometer  will  be  violently  affected, 
tid  the  chloride  rapidly  decomposed.  On  removing  the  lamp, 
le  instant  the  chloride  solidifies,  all  current  and  contempora- 
eous  effects  will  cease,  though  the  platinum  wires  may  remain 
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inclosed  in  the  chloride  not  more  than  the  one- sixteenth  of  an 
inch  apart.  Chloride  of  silver,  nitrate  of  potaasa,  and  clilonte 
of  potassa,  act  exactly  in  the  same  way;  and  in  erery  cue 
decomposition  of  the  compound  takes  place  when  the  contot 
passes. 

With  regard  to  tlie  substances  on  which  conducting,  or 
rather  convective  power,  is  conferred  by  liquefaction,  the  degnt 
of  power  so  given  is  generally  very  great.  Water  is  thit  bn^ 
in  which  this  acquired  power  is  the  feeblest;  in  the  viri» 
other  oxides,  chlorides,  salts,  &c.,  it  is  some  hundred  timn 
greater.  The  addition  of  other  liquids  and  soluble  solidi,  u 
sulphuric  acid  and  boracic  acid,  which  by  themselves  an  net 
capable  of  electrolysis,  and  consequently  are  non-condacto^ 
confer  this  increased  power  of  convection  upon  water.  Em 
some  elementary  substances  exalt  its  conducting  power,  uili 
solution  of  chlorine  will  convey  the  current  much  more  rctdi^ 
than  pure  water. 

^  775.  The  next  point  which  must  arrest  our  sttenliiiB 
is  the  definite  direction  which  the  disengaged  elements  or  prin- 
ciples are  forced  to  take  under  the  influence  of  the  current. 

In  the  cells  of  the  battery  the  oxygen  of  the  6ecaiapoaf 
water,  or  rather  the  radicle  of  the  acid  {o9y»u^hio»),  boa  H* 
natural  afRnity,  must  travel  ^m  the  conducting  ptate  tonnb 
the  zinc,  and  the  hydrogen  in  the  opposite  direction;  UMlii 
the  experimental  cell  which  forms  part  of  the  drcui^  Uw  tM 
gases  must  move  in  conformity  with  these  directioiu ;  and  tati 
the  oxygen  will  be  evolved  at  the  iincode  and  the  faydngn  it 
the  platinode.  The  elements  or  principles  of  any  other  dM- 
trolyte  which  comes  under  the  government  of  the  corrent  nl 
be  subject  to  the  same  law  of  direction,  and  thoae  ffltwK"^* 
radicles  which,  in  the  order  of  common  affinity,  have  tba  gnili* 
attraction  for  the  sine,  will  take  the  path  tk  the  ozygeb  ui 
appear  at  the  zincode,  and  their  associates  moat  btwrA  in  At 
opposite  course  and  escape  at  the  platinode.  lliiBB^MIi^ll 
the  elementary  substances,  chlorine,  iodine,  hnnuni^  ari  te> 
rine,  range  with  ox^en,  and  the  metals  with  hydrogi. 


i  776.  Dr.  Faraday,  wishing  to  avoid  aU  l 

»ny  hypothews  with  regud  to  the  naton  of  electricd  i.  , 
diatingaishea  theae  damn  of  bodies  and  certain  particaliif 
rvlating  to  tbem,  by  •  noniBiidatan  doriTad  Aram  the  dinebm 


?tncd  u0K^ 
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^  the  current,  which  is  supposed  to  pass  through  the  circuit, 
id  which  is  indicated  by  the  direction  of  the  magnetic  needle 
ader  the  influence  of  the  earth.  If  in  any  case  of  electrolysis 
e  consider  the  decomposing  body  placed  so  that  the  current 
isflong  through  it  shall  be  in  the  direction  that  the  sun  appears 
>  move  in,  or  from  east  to  west,  then  the  surfaces  at  which  the 
betricity  is  passing  into  or  out  of  the  substance  would  have  an 
ivuriable  reference  to  the  points  of  the  compass,  and  exhibit 
mstantly  the  same  relation  of  powers.  He,  therefore,  calls 
list  towards  the  east  the  anode,  and  that  towards  the  west  the 
Mode.  The  anode  is  that  surface  of  the  electrolyte  at  which, 
eoording  to  the  general  expression,  the  current  enters,  and 
riddi  is  in  contact  with  the  zincode,  and  is  where  oxygen, 
Uorine,  &c.,  are  evolved.  The  cathode  is  that  surface  of  the 
leoomposing  body  at  which  the  current  leaves  it,  and  is  in  con- 
•et  with  the  platinode ;  it  is  the  place  where  hydrogen  and  the 
netals  are  evolved*  He  distinguishes  those  bodies  which  go  to 
ht  anode  of  the  decomposing  body  by  calling  them  anions^  and 
ioBC  passing  to  the  cathodej  cations.  When  he  has  occasion 
bo  ipeak  of  them  together,  without  distinction,  he  calls  them 
iMi.  Thus  the  chloride  of  lead  is  an  electrolyte;  and  when 
Bbetrolyzed,  evolves  the  two  fon«,  chlorine  and  lead;  the 
hmier  being  an  anion,  and  the  latter  a  cation. 

$  777-  The  invariable  nature  of  these  relations  may  be 
Vdl  exhibited  by  placing  several  electrolytes  in  different  cells, 
ind  including  them  in  one  circuit  with  a  battery  of  sufficient 
power.  Thus^  place  solutions  of  chloride  of  sodium,  coloured 
witii  indigo;  iodide,  and  bromide  of  potassium,  mixed  with 
■tech ;  and  fluoride  of  potassium,  in  succession  in  four  syphon 
tabes  of  glass,  reversed,  and  connect  them  together,  and  with 
tte  battery,  by  platinum  electrodes ;  the  first  will  be  bleached 
it  flie  zincode  by  the  evolution  of  chlorine;  the  second, 
Boloared  blue  at  the  corresponding  electrode  by  free  iodine ; 
^  third  will  become  deep  yellow  with  the  bromine  disengaged 
it  the  same  point;  while  the  indications  of  free  fluorine  in  the 
OQrth,  will  be  manifested  by  the  corrosion  of  the  glass  at  the 
orresponding  electrode  (142). 

(142)  Some  of  the  forms  of  apparatus  in  which  these  processes 
*  electrolysis  may  be  conducted,  are  represented  on  the  following 
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§  778.  The  third  great  point  in  electrolysis  is,  that"tlie 
chemical  action  of  a  current  of  electricity  is  always  definite,  and 
directly  proportionate  to   the  absolute  quantity  of  electricity 
which  circulates/^     This  is  not  merely  true  with  one  substance^ 
as  water,  but  generally  with  all  electrolytic  bodies ;  and  further, 
the  results  obtained   with   any  one  substance  do  not  modif 
agree  amongst  themselves^  but  also  with  those  obtained  bm 
other  substances ;  the  whole  combining  together  into  one  aeriaiH 
of  definite  electro-chemical  actions,  in  which  the  quantitiei  tf  • 
different  kinds  of  matter  acted  upon,  bear  the  same  proportMij 
to  one  another  as  their  equivalent  numbers. 

Thus,  when  fused  protocliloride  of  tin,  chloride  of  lead^aiA 
water,  are  placed  in  succession  and  decomposed  simultaneovrif 'j 


Fig.  1  is   a  glass  ressel  with  two  orifices,    each   having  a  till 

adapted  to  it  in  such  a  way  as  to  receive  the  separate  gases  hm 

Fig.  1.  the  two  platinum  electrodes  which  pass  into  gkkl 

filled  with  acidulated  water. 

Fig.  2  is  a  cell  made  of  plates  of  glass,  cemeotel 
together  and  divided  into  two  parts  by  the  tenft- 
rary  diaphragm,  a,  which  consists  of  bladder  m 
porous  earthenware.  A  separate  electrode  anf 
be  introduced  into  each  side  of  it,  and  the  fiftfl 
products  of  the  decomposition  may  thus  be  hq/t- 
separate  for  a  time  and  examined. 

Fig.  3  exhibits  two  glasses,  connected  togete 
by  a  syphon  of  large  bore,  filled  with  an  eledn* 
lyte,  and  two  tubes  inverted  in  the  glaaiei  arf 
filled  with  the  same  liquid;  into  the  upper  ends  of  which  platiAOi 
wires,  terminating   in   long  slips  of  the  same  metal,   are  inaertoi 


Fig.  2 


The  opposite  products  of  the  decomposition  may  thus  be  sepaisMf 
obtained;  the  con vective current  passing  through  the  interposed  lifo' 
in  the  syphon. 
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ij  the  same  electric  current,  the  tin  and  the  chlorine,  at  the 
jst  pair  of  electrodes,  are  respectively  in  the  proportion  of  58 
3  36;  the  lead  and  the  chlorine  at  the  second  as  104  to  3f>; 
nd  the  hydrogen  and  the  oxygen  at  the  third  as  1  to  8. 

§  779*  Variations  in  the  intensity  of  the  current  beyond 
liat  which  is  necessary  to  effect  the  decomposition  of  the  elec- 
rdyte,  produce  no  corresponding  variation  in  the  electro- 
hemical  effects.  If  three  voltameters  be  so  arranged  that,  after 
be  electric  current  has  passed  through  one,  it  may  divide  into 
ivo  parts,  which,  after  traversing  each  one  of  the  remaining 
Mtroments,  may  reunite,  the  sum  of  the  decomposition  in  the 
■TO  latter  vessels,  will  always  be  equal  to  the  decomposition  in 
be  former.  The  intensity  in  this  case  of  the  divided  current 
■nnot  be  the  same  as  that  which  it  has  in  its  original  state,  but 
be  two  halves  of  lower  intensity  produce  together  the  same 
■noont  of  decomposition  as  the  whole  carried  into  a  higher  state. 

§  780.  As  the  decompositions  dependent  upon  the 
mnent  which  is  urged  through  the  experimental  cells  arc  defi- 
iJfee,  so  are  the  compositions  and  decompositions  which  are 
Mwdated  with  the  current  in  the  battery  cells ;  and  it  requires 
fte  combination  of  32  grains  of  zinc  with  48  of  oxysulphion, 
hlntracted  from  49  of  aqueo-sulphuric  acid,  in  each  of  the  cells, 
«•  generate  the  current,  which  is  carried  forward  by  the  equiva- 
quantities  of  the  different  kinds  of  matter  specified  above. 


§  781.  From  these  facts  may  be  dra^vn  the  important 
aonchision  that  "the  quantity  of  electricity  which,  being 
■Mtarally  associated  with  the  particles  of  matter  gives  them 
fcieir  combining  power,  is  able,  when  thrown  into  a  current,  to 
separate  those  particles  from  their  state  of  combination ;  or,  in 
■^^ftcr  words,  that  the  electricity  which  is  evolved  by  the  decom- 
position of^  and  that  which  decomposes,  a  certain  quantity  of 
■^•tter,  are  alike.*'  According  to  this  view,  the  equivalent 
^tights  of  bodies  are  simply  those  quantities  of  them  which 
^tain  equal  quantities  of  electricity,  or  have  naturally  equal 
^fectric  powers ;  it  being  the  electricity  which  determines  the 
^^tdvalent  number,  because  it  determines  the  combining  force. 

f  782.  All  compounds  are  not  susceptible  of  electrolyza- 
*On,  even  in  the  liquid  state ;  and  there  is  but  one  electrolyte 

2  M 
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composed  of  the  same  two  elementary  ions ;  in  fact,  angle  eqia* 
valents  alone  of  elementary  ions,  and  not  multiples,  can  go  ti 
the  electrodes  ;  and  hence  only  protoxides,  protochlorides,  i^ 
will  transmit  the  current.  This  may  be -probably  explrinedhf 
the  necessary  uniformity  in  the  actions  of  the  generating  aai] 
decomposing  cells  ;  for  as  it  is  the  force  of  single  equivalentirf 
oxysulphion  and  hydrogen  which  is  first  thrown  into  the  comrf 
state,  so  we  may  conclude  that  it  is  by  single  equivalents 
of  other  substances  it  can  be  transmitted  on  its  course. 

To    effect   the   decomposition   of   a  deuto-compound, 
current  must  probably  originate  from  the  decomposition 
recomposition  of  a  deuto-compound,  and  the  whole  ci 
must  be  maintained  by  compounds  of  the  same  order. 

AU  compounds,  however,  of  single  proportionals  of  el( 
are  not  decomposable ;  as  chloride  of  sulphur,  protochloride 
phosphorus,  and  protochloride  of  carbon. 

§  783.  Every  electrolyte  which  can  transmit  the 
can  also  generate  it  with  any  conductor  to  whose  superior 
nity  it  is  capable  of  yielding  one  of  its  ions  simple  or 
pound ;  but  few  of  them  would  be  applicable  to  the  co 
of  a  battery ;   since  for  the  maintenance  of  the  current, 
curring  forces  are  necessary   to  remove   the   ions  fit)m 
respective  electrodes,  whose  influence  would  otherwise 
and  terminate  the  process. 

In  the  conmion  voltaic  battery,  the  current  is  occasioned 
the  tendency  of  the  zinc  to  take  the  oxysulphion  of  the 
from  the  hydrogen,  the  effective  action  being  at  the  place 
the  oxygen  leaves  the  previously  existing  electrolyte. 
Schonbein  has  arranged  a  battery  of  philosophical,  if  not 
practical,  importance ;  in  which  the  effective  action  is  it  i* 
other  extremity  of  the  arrangement.     If  a  plate  of  platinwih 
covered  with  peroxide  of  lead  or  of  silver,  (which  may  be  e&clrf 
by  making  it  for  a  few  moments  the  zincode  of  a  conunon  W* 
tery  plunging  into  the  nitrates  of  those  metals,)  and  it  be  4* 
associated  with  platinum  in   strong  nitric  acid,  a  current  i 
obtained  which  indicates  by  the  galvanometer  that  the  oxj^ 
of  the  peroxide  takes  hydrogen  from  the  aqueo-nitric  siddfOi 
as  in  the  ordinary  case  the  current  is  put  in  motion  bj  4* 
abstraction  of  oxysulphion  from  hydrogen,  so  in  this  it  ooff^ 
nates  in  the   abstraction  of  hydrogen  from   oxynitrion.   "• 
direction  of  the  current  is  in  both  cases  the  same  if  rekmi  ^ 
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e  same  electric  current^  the  tin  and  the  chlorine,  at  the 
lair  of  electrodes,  are  respectively  in  the  proportion  of  58 
;  the  lead  and  the  chlorine  at  die  second  as  101  to  36 ; 
le  hydrogen  and  the  oxygen  at  the  third  as  1  to  8. 

§  7/9*  Variations  in  the  intensity  of  the  current  beyond 
rhich  is  necessary  to  effect  the  decomposition  of  the  elec- 
e,  produce  no  corresponding  variation  in  the  electro- 
cal  effects.  If  three  voltameters  be  so  arranged  that,  after 
ectric  current  has  passed  through  one,  it  may  divide  into 
)arts,  which,  after  traversing  each  one  of  the  remaining 
iments,  may  reunite,  the  sum  of  the  decomposition  in  the 
itter  vessels,  will  always  be  equal  to  the  decomposition  in 
»rmer.  The  intensity  in  this  case  of  the  divided  current 
»t  be  the  same  as  that  which  it  has  in  its  original  state,  but 
wo  halves  of  lower  intensity  produce  together  the  same 
nt  of  decomposition  as  the  whole  carried  into  a  higher  state. 

§  780.  As  the  decompositions  dependent  upon  the 
nt  which  is  urged  through  the  experimental  cells  are  defi- 
so  are  the  compositions  and  decompositions  which  are 
lated  with  the  current  in  the  battery  cells ;  and  it  requires 
>mbination  of  32  grains  of  zinc  with  48  of  oxysulphion, 
icted  from  49  of  aqueo-sulphuric  acid,  in  each  of  the  cells, 
lerate  the  current,  which  is  carried  forward  by  the  equiva- 
[uantities  of  the  different  kinds  of  matter  specified  above. 

§  781.  From  these  facts  may  be  drawn  the  important 
iision  that  ^^the  quantity  of  electricity  which,  being 
ally  associated  with  the  particles  of  matter  gives  them 
combining  power,  is  able,  when  thrown  into  a  current,  to 
Ate  those  particles  from  their  state  of  combination ;  or,  in 
words,  that  the  electricity  which  is  evolved  by  the  decom- 
on  of,  uid  that  which  decomposes,  a  certain  quantity  of 
ir,  are  alike/'  According  to  this  view,  the  equivalent 
its  of  bodies  are  simply  those  quantities  of  them  which 
in  equal  quantities  of  electricity,  or  have  naturally  equal 
ic  powers ;  it  being  the  electricity  which  determines  the 
•knt  number,  because  it  determines  the  combining  force. 

1 7^*  AH  compounds  are  not  susceptible  of  dectrolyza- 
efen  in  the  liquid  state ;  and  there  is  but  one  electrolyte 

3if 
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can  travel  no  further^  because  it  meets  with  no  matter  i 
which  it  can  combine;  the  water  then^  in  fact,  becomes 
platinode,  to  which  the  base  yields  up  the  charge,  whidi  i 
not  competent  to  carry  further  on  its  way.  The  sulphuric  s 
readily  reaches  the  platinum  zincode  in  the  contrary  direct! 
and  is  there  easily  detected  by  its  appropriate  tests. 

§  787-  This  experiment  is  well  calculated  to  demoofltn 
that  the  decompositions  of  the  voltaic  battery  are  not  owing 
has  been  supposed,  to  any  attractive  powers  possessed  by  itsp 
superior  to  the  mutual  attraction  of  the  particles  separated^ 
then  the  magnesia  must  have  completed  its  course  towards  t 
superior  force.  It  is,  on  the  other  hand,  quite  consistent  i 
the  view  which  regards  them  as  produced  by  an  intemitk 
puscular  action^  exerted  according  to  the  direction  of  the  ded 
current,  which  is  due  to  a  force  either  superadded  to  or  fi 
direction  to  the  ordinary  chemical  affinUrj  of  the  bodies  proa 
It  is  because  the  ordinary  chemical  affinity  is  relieved,  weakoH 
or  partly  neutralized  in  one  direction,  and  strengthened  • 
added  to  in  the  opposite  direction,  that  the  combining  paitid 
have  a  tendency  to  pass  in  contrary  directions.  Where  commi 
affinity  fails,  current  affinity  is  inoperative. 

§  788.  We  must  now  examine  more  particularly  i 
electrolysis  of  secondary  compounds,  and  the  electrical  deooi 
position  of  aqueous  solutions  of  the  salts*. 

It  has  been  generally  believed  that  when  the  solution  oi 
salt  has  been  placed  under  the  influence  of  a  voltaic  current 
platinum  electrodes,  the  acid  travelled  to  the  zincode,  and  t 
alkali  to  the  platinode,  where  they  could  be  recognised  in  t 
free  state,  and  in  equivalent  proportions,  by  their  proper  ta 
The  acids  have,  therefore,  been  considered  as  compound  ak 
and  the  alkalies  as  cations. 

But  in  this  decomposition  of  a  salt  there  are  several  reni 
able  circumstances  to  be  observed.  In  the  first  place,  iff* 
contain  the  most  minute  conceivable  portion  of  saline  miH 
it  is  invariably  decomposed;  and  2ndly,  the  decompositioB 
the  salt  is  always  accompanied  by  the  decomposition  of  t 
water,  so  that  oxygen  is  evolved  at  the  zincode  with  Ae  to 
and  hydrogen  at  tiie  platinode  with  the  alkali.  Aocordiif 
the  ordinary  view,  therefore,  a  portion  of  the  current  mvd\ 

*  See  PhU.  Trans,  for  1839,  p.  97,  and  1840,  p.  9001 
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fied  by  one  electrolyte,  and  another  portion  by  the  other,  and  it 
ame  an  object  of  interest  to  inquire  what  respective  portions 
oxygen  and  hydrogen  accompanied  the  acid  and  alkali  in 
ir  transfer.  Upon  trying  tJie  experiment  with  sulphate  of 
la  with  every  precaution,  it  was  ascertained  that  for  every 
livalent  of  the  salt  electrolysed  an  equivalent  of  water  was 
}  decomposed,  and  that  the  oxygen  and  acid  at  the  zincode, 
1  the  hydrogen  and  alkali  at  the  pLatinode,  were  all  in 
ict  equivalent  proportions  (143).     Different   salts,  such  as 


(143)  In  the  usual  mode  of  experimenting  this  result  had  never 
en  atttuncd,  because  the  two  electrodes  of  the  experimental  cell 
tug  both  plunged  into  the  same  cell,  the  liquid  products  of  the 
xtiroljBis  became  mingled  together  and  neutralized  each  other  as 
oi  H  formed,  while  the  gaseous  products  were  allowed  to  escape. 
be  author,  however,  in  these  experiments  divided  the  cell  by  a 
itDos  or  membranous  diaphrngm,  and  by  this  mechanical  obstruction, 
Uch  allowed  the  current  to  pass  with  little  impediment,  effectually 
trentcd  the  mixing  of  the  liquids. 

The  following  sketch  represents  the  construction  of  a  Double 
'i'pkragm  Cell,  which  is  well  adapted  to  these  and  similar  expe. 


acnts.  A  and  s  are  the  two  halves  of  a  stout  glass  cylinder,  accu- 
idy  ground  so  as  to  fit  together,  with  a  shoulder,  liquid-tight,  c  is 
hoUow  ring  of  {^ass,  also  ground  to  fit  into  the  two  half  cylinders, 
ddb,  wlieB  adjusted  cover  it  entirely.  The  two  rims  of  the  ring  are 
A  est  down  to  a  shoulder  to  admit  of  a  thin  piece  of  bladder  being 
A  ant  A«n  to  form  a  kind  of  drum:  at  e  is  a  small  hole  to  admit 
Ab  Mvi^  heiug  filled  with  a  liquid,  a  and  e  are  two  bent  tubes 
led  to  the  two  half  (flinders  for  collecdng  the  gases  evolved  in  the 
mta.  g  and  k  are  two  circular  platinum  electrodes  connected 
H  *J*  (pBsnng  timragh  corks  in  the  necks  of  the  half  i^lindeim) 
0  Mtteiy.  The  apparatus  when  adjusted  fonns  three  com- 
iS^  Mdi  gf  tdiich  may  be  filled  wiUi  the  some  or  a  difibirat 
1^^  iad  tte  lAole  nujr  be  nipported  on  a  light  fkame  of  wood. 
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sulphate  of  potassa,  nitrate  of  potassa,  nitrate  of  sodi 
were  subjected  to  the  same  examination  with  similar  r 
But  the  most  remarkable  circumstance  attending  the»e  i 
positions  was,  that  when  a  voltameter  was  included  i 
circuit,  it  appeared  that  the  same  current  which  only  e 
the  decomposition  of  a  single  equivalent  of  acid  in  the 
meter  was  sufficient  to  electrolyze  both  an  equivalent  of 
and  one  of  the  salt  in  the  experimental  cell. 

To  cut  oflF  every  source  of  ambiguity  which  might  aria 
the  compound  nature  of  the  dilute  acid  in  the  voltam 
portion  of  fused  chloride  of  lead  was  substituted  for  the 
and  with  a  corresponding  result.  A  single  equivalent  of  n 
lead  was  obtained  for  the  equivalent  of  salt  and  the  eqa 
of  water  seemingly  electrolyzed  together. 

On  the  other  hand,  when  chlorides  in  solution  wen 
pared  with  fused  chlorides,  they  were  found  to  be  decon 
in  exact  equivalent  proportions. 

§  789.  Now,  the  fundamental  principle  has  alread 
established  that  there  can  be  no  inequality  of  force  in  ar 
of  a  voltaic  current;  and  the  force  which  we  have  measn 
its  definite  action  at  any  one  point  of  its  course,  cannot  p 
at  the  same  time  more  than  an  equivalent  proportion  of  n 
any  other  point.  In  short,  that  the  same  current  whi( 
been  measured  by  the  decomposition  of  an  equivalent  of  d 
of  lead^  could  not  at  the  same  moment  suffice  for  the  elect 
of  an  equivalent  of  a  salt  together  with  an  equivalent  of  n 
We  are  forced,  therefore,  to  seek  for  another  explanai 
the  phenomena,  and  we  shall  find  it  in  the  binary  the 
salts  and  aqueo-acids,  which  we  have  already  shown  to  be 
probable  from  other  considerations  (§  626,  &c.),  and  whid 
results  of  electrolysis  render  certain. 

§  790.  With  regard  to  our  first  experiment,  the  e 
lyte  which  yields  to  the  current  is  sulphate  of  soda;  thei 
which  are  not  the  acid  and  alkali  of  the  salt,  but  a  com 
anion  composed  of  1  equivalent  of  sulphur  and  4  equivali 
oxygen,  and  the  met^c  cation,  sodium.  When  the 
evolved  at  their  respective  electrodes,  they  both,  in  p 
from  the  influence  of  the  current,  react  upon  the  wata 
sodium  combining  with  oxygen  to  constitute  soda,  wfail 
hydrogen  escapes,  the  anion  combining  with  hydrogen  to 
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le  aqueoacid  and  disengaging  oxygen.  '^Tliese  secondary 
^ions  are  found  to  be  in  equivalent  proportions  to  the  pri* 
lary,  but  have  no  influence  upon  the  current  force. 

When  the  metallic  base  of  the  salt  is  one  of  those  which  do 
ot  decompose  water  at  ordinary  temperatures^  it  makes  its 
ppearance  at  the  zincode  in  the  metallic  state^  and  no  hydrogen 
s  evolved;  and  tlius  in  the  electrolysis  of  sulphate  of  copper, 
lie  copper  is  at  once  precipitated  instead  of  being  reduced  by 
he  hydrogen  as  we  were  forced  to  imagine  upon  the  old 
lypothesis. 

§  791>  Now  it  is  almost  necessary  to  distinguish  tlie 
compound  anions  which  thus  travel  in  the  voltaic  circuit  by 
some  appropriate  appellations,  and  it  has  been  proposed  to 
combine  the  term  ion  adopted  by  Dr.  Faraday  to  indicate  the 
rahstances,  elementary  or  compound,  which  travel  in  the  circuit, 
with  the  name  of  the  acid  in  such  a  manner,  as  at  once  to  recall 
the  constitution  of  the  salt  and  designate  the  compounds  which 
in  its  analysis  pass  to  the  zincode.  Thus,  electrolytically  con- 
lidered,  the  sulpliate  of  copper  would  be  specifically  distin- 
piished  as  the  oxysulphion  of  copper,  nitrate  of  potassa, 
Myiu/rioit  of  potassium,  &c.  Tlie  oxysulphion  of  the  former 
^hich  travels  to  the  zincode  of  the  battery  consists  of  SO4 ;  the 
aym/rton  of  the  latter  of  NOg.  The  oxysulphion  of  ammonium^ 
9H4+SO4,  would  designate  the  sulphate  of  ammonia  with  one 
qoivalent  of  water,  which  is  resolved  by  the  electrolysis  into  the 
ompound  anion  and  cation  represented  by  the  formula. 

§  792,  As  this  theory  is  of  extreme  importance  in  every 
oint  of  view,  it  is  desirable  to  test  its  correctness  in  every 
oasible  manner;  and  as  the  metals  are  thus  supposed  to  travel 
I  the  Toltaic  circuit  in  their  metallic  state,  we  ought  to  be 
ble  to  atop  them  as  it  were  in  transitu;  and  this  has  been 
Ibcted  by  placing  two  different  electrolytes  in  the  same 
dl  sepairated  from  each  other  by  a  diaphragm  of  membrane 
Uch  admits  of  the  physical  separation  of  the  two  liquids, 
nfc  allows  of  the  passage  of  the  current.  No  substance 
HH  be  truijrferred  by  the  voltaic  force,  as  we  have  already 
luted  (i  786),  beyond  the  point  at  which  it  ceases  to  find 
KtkleB  with  which  it  can  combine;  so  that  if  the  metal  of 
M  elfictnilyte  ahould  be  carried  by  the  current  to  the  auriace  of 
iriuch  oonld  afibrd  no  anion  with  which  it  could  enter 
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into  union^  it  would  deliver  up  its  charge  to  the  cation  of  the 
second  electrolyte  and  itself  be  precipitated.  This  hypothetiol 
conclusion  was  brought  to  the  test  of  experiment  in  the  foUot- 
ing  way : — 

§  793.  A  small  glass  bell^  with  an  aperture  at  the  iof, 
had  its  mouth  closed  by  tying  a  piece  of  thin  membrane  over  it 
It  was  half -filled  with  a  dilute  solution  of  caustic  potassa,  lod 
suspended  in  a  glass  vessel  containing  a  strong  neutral  sohtioi 
of  sulphate  of  copper^  below  the  surface  of  which  it  just  dippdL 
A  platinimi  electrode^  connected  with  the  last  zinc  rod  of  • 
large  constant  battery  of  twenty  cells^  was  placed  hi  the  sdotioQ 
of  potassa ;  and  another^  connected  with  the  copper  of  the  fint 
cell^  was  placed  in  the  sulphate  of  copper  immediately  under 
the  diaphragm  which  separated  the  two  solutions.    The  drak 
conducted  very  readily^  and  the   action   was  very  eneigetki 
Hydrogen  was  given  off  at  the  platinode,  or  the  electrode  wUel 
dipped  into  the   potassa^  and  oxygen  at  the  zincode  in  tk 
sulphate  of  copper.    A  small  quantity  of  gas  was  also  seen  to 
rise  from  the  surface  of  the  diaphragm.     In  about  ten  mmntai 
the  lower  surface  of  the  membrane  was  found  beautifully  ooitod 
with  metallic  copper,  interspersed  with  oxide  of  copper  oJ  • 
black  colour,  and  hydrated  oxide  of  copper  of  a  light  blue.  Tk 
experiment  may  also  be  very  conveniently  made  in  the  dodifc 
diaphragm  cell  already  described. 

§  794.  The  explanation  of  these  phenomena  is  obvionii 

In  the  experimental  cell  we  have  two  electrolytes  sepantedhj 

a  membrane,  through  both  of  which  the  current  most  pass  to 

complete  its  circuit.     The  sulphate  of  copper  is  resolved  into 

its   compound    anion,    oxysulphion,     and    its    simple   citioDi 

copper:   the  oxygen  of  the  former  escapes  at  the  zincode^W 

the  copper  on  its  passage  to  the  platinode  is  stopped  at  the 

surface  of  the  second  electrolyte.     The  metal  here  finds  nothing 

by  combining  with  which  it  can  complete  its  course,  but,  being 

forced  to  stop,  yields  up   its  charge  to  the  hydrogen  <rf  Ae 

second  electrolyte,  which  passes  on  to  the  platinode;,  and  is 

evolved.   The  corresponding  oxygen  stops  also  at  the  diaphngniy 

giving  up  its  charge  to  the  anion  of  the  sulphate  of  copper. 

The  copper  and  the  oxygen,  thus  meeting  at  the  intermedis^ 

point,  partly  enter  into  combination,  and  form  the  black  ozidey 

but  from  the  rapidity  of  the  action,  there  is  not  time  for  the 
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whole  to  combine,  and  a  portion  of  the  copper  remains  in  the 
metallic  state,  and  a  portion  of  gaseous  oxygen  escapes.  Tlie 
precipitation  of  blue  hydrated  oxide  doubtless  arose  from  the 
mixing  of  a  small  portion  of  the  two  solutions. 

Tlie  experiment  was  repeated  with  a  smaller  electrolytic 
force,  six  of  the  cells  of  tlie  small  constant  battery  being  sub- 
stituted for  the  twenty  cells  of  the  large.  The  action  was  of 
course  much  less  energetic,  and  the  membrane  was  found  thickly 
coated  with  black  oxide  of  copper;  amongst  which,  however^ 
spangles  of  metallic  copper  were  plainly  visible.  In  this  case 
there  was  time  for  the  local  affinity  to  act,  and  the  combination 
of  the  copper  and  oxygen  was  nearly  complete. 

Independently  of  the  important  conclusion  which  these  ex- 
periments confirm,  namely,  that  in  the  electrolysis  of  a  saline 
electrolyte,  the  metal  travels  as  a  metal  towards  the  platinode, 
while  aU  the  other  constituents  of  the  salt  pass,  as  a  compound 
anion,  to  the  zincode,  they  present  the  secondary  action  of  the 
local  affinity  in  striking  contrast  with  the  primary  action  of  the 
current  affinity  in  the  voltaic  battery:  all  the  decompositions 
and  recompositions  of  the  latter,  however  varied  and  multiplied, 
are  limited  and  equalized  throughout  the  circuit,  however  long, 
by  the  strictest  laws ;  while  the  combinations  of  the  later  vary 
with  every  variation  of  time,  quantity,  and  energy. 

§  7^^*  Other  saline  solutions  were  next  submitted  to  the 
same  electrolytic  process,  the  second  electrolyte  being  in  every 
case  solution  of  potassa. 

From  nitrate  of  silver,  metallic  silver  was  deposited  in 
abundance  upon  the  membrane,  mixed  with  oxide  of  silver; 
gas  was  also  visibly  disengaged  from  the  diaphragm.  The 
whole  of  the  oxygen  was  not  evolved  at  the  zincode,  a  portion 
appearing  to  combine,  by  secondary  action,  with  the  oxide  of 
silver  in  the  nitrate,  and  forming  a  peroxide.  It  was  precipitated 
in  fine  acicular  crystals,  which  dissolved  in  nitric  acid  witli 
evolation  of  oxygen. 

The  experiment  was  varied  by  placing  the  solution  of  nitrate 
of  niver  in  a  smAll  porous  earthenware  cell,  which,  upon  exa- 
"nn**»*wi  afterwards  was  found  studded  with  minute  filaments 
of  nlverj  and  coloured  by  the  oxide ;  but  this  apparatus  was  not 
fgnnd  to  be  so  well  adapted  to  the  purpose  as  the  membranej 
lAieb^  from  its  thinness^  exhibited  the  results  of  the  necessarily 
sqmficial  actbn  to  perfection. 
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Nitrate  of  lead  afforded  similar  residts.  Metallic  lead  was 
deposited  upon  the  bladder  with  oxide  of  lead,  and^  as  with  the 
silver^  the  oxygen  was  absorbed  at  the  zincode  with  the  precipi- 
tation of  peroxide  of  lead. 

Protosulphate  of  iron  threw  down  a  copious  black  precipitriie 
upon  the  diaphn^m^  which,  when  examined  with  a  lens,  exii 
bited  bright  metallic  points ;  but  oxidation  took  place  so  rapidk, 
after  the  membrane  was  withdrawn  from  the  cell,  that  the 
metallic  lustre  quickly  disappeared. 

With  protonitrate  of  mercury,  not  only  was  the  metal  pre- 
cipitated upon  the  diaphragm,  but  a  shower  of  globules  m 
seen  through  the  glass  cell  to  fall  from  it,  forming  a  Tery 
beautiful  appearance. 

§  79c.  The  experiment  with  the  sidphate  of  magneai 
which  we  have  already  described  (§  786)^  was  doubtless  of  the 
same  nature.  It  was,  according  to  this  view,  resolved  into  the 
compound  anion  SO4  which  passed  to  the  zincode,  and  the 
simple  cation  magnesium;  which,  on  its  passage  to  the  platinode^ 
.  was  stopped  by  the  surface  of  the  water  from  not  finding  wf 
ion  by  temporarily  combining  with  which  it  could  be  further 
transferred  according  to  the  laws  of  electrolysis.  At  this  point, 
therefore,  it  gave  up  its  charge  to  the  hydrogen  of  the  water, 
which  passed  in  the  usual  manner  to  the  platinode ;  and  the 
circuit  was  completed  by  the  decomposition  of  this  second 
electrolyte.  The  corresponding  oxygen,  of  course,  met  the 
magnesium  at  the  point  where  it  was  arrested  in  its  progress, 
and,  combining  with  it,  magnesia  was  precipitated. 

§  797*  And  now  we  are  prepared  to  understand  the 
action  of  a  voltaic  battery  constructed  by  M.  Becquerel,  in 
which  the  chemical  action  of  metals,  or  of  metals  of  dissimilar 
kinds,  is  wholly  excluded.  It  consists  of  a  cell  divided  into  tvo 
compartments  separated  by  a  porous  diaphragm,  one  of  whidi 
is  filled  with  a  strong  solution  of  potassa,  and  the  other  with 
nitric  acid.  A  platinum  electrode  is  dipped  into  each  of  these^ 
and  when  connexion  is  made  between  the  two  by  a  galvano- 
meter, a  strong  current  is  indicated.  This  has  been  attributed 
to  the  slow  combination  of  the  acid  and  alkali,  contrary  to  the 
principles  which  we  have  laid  down,  that  no  current  can  he 
generated  by  combination  alone,  but  admits  of  an  explanation 
much  more  consistent  with  our  general  views. 
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§  798.  Not  only  are  the  usual  phenomena  produced  with 
e  galvanometer,  but  oxygen  is  evolved  on  the  potassa  side^ 
id  hydrogen  on  the  nitric  acid  side.  The  former  there  is  no 
ifficulty  in  collecting  in  an  inverted  closed  tube;  the  latter 
lay  be  recognised  by  its  secondary  action  upon  the  nitric  acid. 
Titrate  of  potassa  is  of  course  formed  at  the  junction  of  the 
icid  and  alkali.  Now  let  us  recollect  what  nitrate  of  potassa 
s  in  its  electrical  relations :  it  is  an  oxynitrion  of  potassium 
NOg  +  K,  Aqueo-nitric  acid  is  also  an  oxynitrion  of  hydrogen 
N0«  -h  H ;  and  potassa  is  oxide  of  potassium  KO.  In  their 
local  action  upon  each  other,  the  acid  and  the  alkali  are  both 
decomposed;  the  oxynitrion  of  the  former  combines  with  the 
metal  of  the  latter,  and  the  water  is  formed  by  the  union  of  the 
hydrogen  and  oxygen.  This  water  there  is  no  diflBculty  in 
regarding  as  a  separate  and  secondary  product,  inasmuch  as 
the  salt  is  incapable  of  combining  chemically  with  it. 

§  799-  When  a  circuit,  however,  is  formed  with  proper 
conductors,  the  compositions  and  recompositions  take  place 
through  a  series  of  connected  particles,  as  in  the  manner  of  all 
other  electrolytic  conduction:  and  the  oxygen  and  hydrogen 
instead  of  combining  together,  as  in  the  local  action,  are  respec- 
ively  evolved  at  the  zincode  and  platinode  (144). 

§  800.  In  examining  the  laws  of  electro-chemical  action, 
nd  its  consequences,  it  is  very  necessary  to  distinguish  between 
be  primary  and  secondary  character  of  its  decompositions. 
Vhen  a  substance  under  decomposition  yields,  at  the  elec- 
-odes^  those  bodies,  unconibined  and  unaltered,  which  the 
lectric  current  has  separated,  then  they  may  be  considered  as 


(144)  The  following  diagrams  may  perhaps  assist  in  explaining 
le  origin  and  connection  of  the  current. 

6k  OK  OK  I  (N  +  eO^H (N  +  60)11  (N  +  60)H 
B 

Let  OK  and  (N  +  60)  H  represent  the  two  electrolytes  on  the 
pposite  sides  of  the  diaphragm  AB  before  action;  after  action  has 
ominenced  they  may  be  represented  thus: 

A 

O  KO  KO  kT(N  +  60)  hTn  +  60) (HN  +  €0)  H 

B 
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primary  results,  even  though  themselves  compounds.  Thus 
tlie  oxygen  and  hydrogen  from  water,  or  the  chlorine  and  sUtw 
from  fused  chloride  of  silver,  are  primary  results.  But,  when 
the  substances  separated  by  the  current  are  changed  at  the 
electrodes,  then  they  give  rise  to  secondary  results;  althoi^ 
in  many  cases,  the  bodies  evolved  are  elementary. 

These  secondary  results  occur  in  two  ways;  being  somedmei 
due  to  the  mutual  action  of  the  ion  eliminated  and  the 
matter  of  the  electrode,  and  sometimes  to  its  action  upon  tbe 
substances  contained  in  the  liquid  conductor  itself.  Thus,  whn 
carbon  is  made  the  zincode  in  dilute  sulphuric  acid,  carboue 
oxide,  and  carbonic  acid,  appear  there  instead  of  oxygen;  far 
the  latter,  acting  upon  the  matter  of  the  electrode,  producci 
these  secondary  results ;  or,  if  the  zincode  in  a  solution  ci 
nitrate  of  lead  be  of  platinum,  then  peroxide  of  lead  appem 
there,  equaUy  a  secondary  result  with  the  former,  but  not 
arising  from  an  action  of  the  oxygen  upon  the  protoxide  of  W 
in  the  solution.  Again :  a  pure  strong  solution  of  ammonia  s 
so  bad  a  conductor  of  electricity,  that  it  is  scarcely  more  deoo*- 
posable  than  pure  water;  but  if  sulphate  of  ammonia  be  added 
to  it,  then  decomposition  takes  place  very  well,  and  nitrogii 
almost  pure  is  evolved  at  the  zincode,  and  hydrogen  at  the 
platinode;  but  this  is  a  secondary  result  of  the  action  of  the 
oxygen  upon  the  ammonia  in  the  surrounding  liquid.  On  6« 
other  hand,  if  a  strong  solution  of  nitrate  of  ammonia  be  decom- 
posed, oxygen  appears  at  the  zincode,  and  hydrogen,  with 
nitrogen,  at  the  platinode.  In  consequence  of  the  interfefenee 
of  such  secondary  actions,  there  is  no  unexceptionable  expen- 
ment  which  shows  the  tendency  of  nitrogen,  under  the  influence 
of  the  electric  current,  to  pass  in  either  direction  along  its  co^asm* 

Thus,  in  the  decomposition  of  sulphate  of  soda,  the  add  it 
the  zincode,  and  the  alkali  at  the  platinode,  are  secondary 
products,  the  former  arising  from  the  decomposition  of  die 
oxysulphion  which  travels  as  a  compound  anion,  and  the  latter 
from  the  decomposition  of  water,  by  the  sodium  which  travds 
as  the  corresponding  cation. 

§  801.  Chloride  of  silver  furnishes  a  beautiful  instance 
of  the  transfer  of  elements  by  the  concurrence  of  primary 
and  secondary  action.  Upon  fusing  a  portion  of  it  upon  ag^ 
capsule,  and  bringing  two  silver  electrodes  into  contact  with  it, 
there  is  abundance  of  silver  evolved  at  the  platinode,  and  an 
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qual  abundance  absorbed  at  the  zincodc^  for  no  chlorine 
:scapes^  andj  by  careful  management^  the  platinode  may  be 
rithdrawn  from  the  fused  mass^  as  the  silver  is  reduced  there^ 
mtil  a  vnre  of  reduced  silver,  or  rather  a  bundle  of  crystals,  is 
iroduced;  at  the  same  time,  the  silver  at  the  zincode  is  as 
rapidly  dissolved  by  the  chlorine  which  seizes  upon  it,  so  that 
the  wire  has  to  be  continually  advanced  as  it  is  melted  away. 
The  whole  experiment  includes  the  action  of  only  two  elements, 
lilver  and  chlorine,  and  illustrates,  in  a  beautiful  manner,  tlieir 
progress  in  opposite  directions,  parallel  to  the  electric  current, 
rhich  is  for  the  time  giving  a  uniform  direction  to  their  mutual 
iffinities. 

§  802.  We  have  seen  reason  to  infer  that  bodies  may 
liiSer  in  facility  of  decomposition  by  the  voltaic  current,  accord- 
ng  to  the  condition  and  intensity  of  their  ordinary  chemical 
iffinities:  for  iodide  of  potassium  can  be  decomposed  by  the 
surrent  of  a  single  pair  of  zinc  and  platinum  plates,  immersed 
in  acidulated  water,  although  water  and  aqueo-sulphuric  acid 
resist  the  same  action.  Protochloride  of  tin,  when  fused,  yields 
to  the  same  low  degree  of  force,  yielding  pcrchloride  of  tin  at  the 
anode,  and  tin  at  the  cathode.  Fused  chloride  of  silver  is  also 
easily  decomposed  by  tlie  same  single  circuit;  chlorine  being 
evolved  at  the  anode,  and  brilliant  metallic  silver  at  the  cathode. 

Solution  of  sulphate  of  soda,  fused  nitre,  and  the  fused 
chloride  and  iodide  of  lead,  are  not  decomposable  by  a  single 
pair  of  plates  excited  only  by  dilute  sulphuric  acid. 

But  if  a  little  nitric  acid  be  added  to  the  electrolyte  of  the 
generating  pair,  all  the  substances  which  have  been  before 
named  as  giving  way,  will  yield  their  elements  much  more 
leadily,  and  many  which  before  resisted  electrolyzation  will  be 
deoomposed.  Thus,  solution  of  sulphate  of  soda,  acted  upon  in 
the  interstices  of  litmus  and  turmeric  paper,  will  yield  acid  at  the 
inode^  and  alkali  at  the  cathode ;  solution  of  muriatic  acid 
tinged  by  indigo,  will  give  evidence  of  chlorine  at  the  anode, 
and  hydrogen  at  the  cathode.  Solution  of  nitrate  of  silver  will 
yield  silTer  at  the  cathode,  and  fused  nitre,  iodide  and  chloride 
of  lead  will  all  be  found  decomposable  by  the  same  means. 

Hie  following  bodies  are  electrolytic  in  the  order  in  which 
they  are  placed;  those  which  are  first  being  decomposed  by  the 
earns/A  of  lowest  intensity: — 
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Iodide  of  Potassium  (solution). 

Chloride  of  Silrer  (fused), 

Protochloride  of  Tin  (fused). 

Chloride  of  Lead  (fused). 

Iodide  of  Lead  (fused), 

Muriatic  Acid  (solution). 

Water,  acidulated  with  sulphuric  acid. 

§  80.3.  As   different  bodies   are  thus  decomposed  widi 
very   different   facilities,  and  require  for   their  decompositkn 
currents  of  different  intensities,  resisting  some  and  ^ring  «ij 
to  others;   so  a  current  may  really  pass  through,  and  yet  not 
decompose  an  electrolyte.     The  quantity,  however,  is  so  Twy 
small  as  to  require  some  management  to  render  it  evident   Bj 
leading  a  current  from  a  single  pair  of  platinum  and  amat 
gamated  zinc  plates,  by  platinum  electrodes,  into  a  vessd  of 
acidulated  water,  and  thence  by  a  platinum  wire,  resting  by  iti 
point  upon  a  piece  of  filtering  paper  steeped  in  solution  of 
iodide  of  potassium,  placed  upon  another  platinum  plate,  bf 
which  the  circuit  may  be  completed,  it  will  be  found,  by  the 
decomposition  of  the  iodide,  that  the  current  passes.    Such  as 
apparatus  has  been  foimd  to  be  still  efl&cient  after  being  ia 
action  for  twelve  days,  without  the  slightest  sign  of  decompo- 
sition of  the  water  in  the  first  vessel.     Solution  of  sulphate  of 
soda,  substituted  for  dilute  sulphuric  acid,  in  the  second  vessel, 
will  also  conduct  a  small  quantity  of  the  force,  sufficient  to 
decompose  a  minute  portion  of  the  iodide,  M'ithout  itself  yidd- 
ing.     Dr.  Faraday  has  ascertained  by  later  experiments,  that 
solution  of  sulphuret  of  potassium,  and  green  nitrous  acid,  and 
some  other  substances,  are  perfect  conductors  of  currents  of  die 
lowest  tension,  as  we  shall  hereafter  have  occasion  to  menti<Ni. 

This  kind  of  conduction  is  similar  to  that  which  is  possessed 
in  the  highest  perfection  by  metals,  and  which  appears  to  be 
common  to  all  bodies,  although  it  occurs  with  infinite  degrees 
of  difference  between  the  metals  and  the  electrolytes. 

When  in  the  apparatus  which  has  just  been  described,  a  fcir 
drops  of  nitric  acid  are  added  to  the  electrolyte  in  the  gen^ 
rating  cell,  evidence  is  afforded  that  water  is  decomposed  in  the 
second  cell,  in  small  quantities,  by  bubbles  of  gas  appearing 
upon  the  two  electrodes.  Thus  the  proof  is  complete,  tlitt  4e 
current  excited  by  dilute  sulphuric  acid,  with  a  little  nitric  acM, 
has   intensity  enough   to  overcome   chemical   affinity  exerted 
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xtween  the  oxygen  and  hydrogen  of  water,  whilst  that  excited 
f  dilute  sulphuric  acid  alone  has  not  sufficient  intensity. 

§  804.  Having  thus  explained  the  great  fundamental  law 
)f  "definite  electro-chemical  action  in  direct  proportion  to  the 
ibsolute  quantity  of  electricity  which  passes  in  a  current/*  we 
nust  pause  to  observe  that  the  electricity  of  the  common 
electrical  machine,  notwithstanding  the  almost  instantaneous 
vay  in  which,  from  its  high  intensity,  it  passes  from  one  point 
bo  another  during  its  discharge,  must  be  looked  upon  as  in  the 
nmrent  state,  and  as  capable  also  of  producing  electrolytic 
sffects  in  proportion  to  its  quantity.  This  quantity,  however, 
by  which  alone  it  can  eflfect  the  transfer  of  the  different  ions,  is 
ilmost  inconceivably  small  when  compared  with  that  which  is 
derated  by  the  constant  action  of  the  voltaic  battery.  It  may 
be  somewhat  retarded  in  its  course  by  causing  it  to  pass  through 
bad  conductors,  as  we  have  seen  (§  355)  by  its  effects  in  firing 
pmpowder,  but  still,  however  rapidly  the  discharges  may  be 
"lade,  their  course  must  be  always  fitful,  and  unlike  the  equal 
W  of  the  voltaic  current.  Notwithstanding  this,  it  may  be 
^rimentally  shown  that  voltaic  and  common  electricity  have 
owers  of  chemical  decomposition  alike  in  their  nature,  and 
>vemed  by  the  same  law  of  arrangement. 

§  805.  Upon  a  glass  plate  place  two  pieces  of  tin-foil  at 
distance  from  each  other,  and  connect  one  of  them  by  an 
sulated  wire  with  a  vitreous  conductor  of  the  electrical 
Bchine,  and  the  other  with  the  ground,  or  with  the  resinous 
nductor.  Place  a  piece  of  platinum  wire  in  metallic  com- 
onication  with  each  of  them  by  one  end,  and  resting  by  their 
ere  points  upon  the  glass  in  the  interval.  The  points  are 
en  to  be  connected  together  by  any  electrolyte  which  it  may  be 
tended  to  experiment  upon,  and  they  become  the  electrodes 
the  arrangement.  When  they  are  made  to  dip  into  a  large 
op  of  muriatic  acid,  coloured  blue  by  sulphate  of  indigo,  and 
e  machine  is  put  into  action,  chlorine  will  be  evolved  upon 
e  point  connected  with  the  vitreous  conductor,  and  will  be 
town  by  its  bleaching  effects.  If  a  drop  of  solution  of  iodide 
'  potassium,  mixed  with  starch,  be  substituted  for  the  muriatic 
rid,  the  evolution  of  iodine  will  be  indicated  at  the  same  point; 
id  when  a  drop  of  solution  of  sulphate  of  copper  is  electro- 
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lyzed;  the  evolution  of  hydrogen  will  be  indicated  by  the  pre- 
cipitation of  the  metal  at  the  opposite  electrode  (145). 

§  806.  The  tension  of  electricity  from  friction  causes  it, 
however  small  in  quantity^  to  pass  through  any  length  of  liquid 
conductors  as  fast  as  it  can  be  produced,  and  therefore,  is 
relation  to  quantity,  as  fast  as  it  could  pass  through  modi 
shorter  portions  of  the  same  substances.  With  the  volteie 
battery  the  case  is  very  different,  and  the  passing  current  cf 
electricity  suffers  serious  diminution  in  any  electrolyte  by  am- 
siderable  extension  of  its  length.  When  pieces  of  litmus  and 
turmeric  paper  are  placed  each  upon  a  separate  piece  of  ^M| 
and  connected  by  an  insulated  string,  and  moistened  with  Ai 
same  solution  of  sidphate  of  soda,  the  terminal  points  d 
platinum  wire  resting  upon  the  papers,  alkali  and  acid  appctf 
at  the  two  extremities  in  their  proper  places,  and  no  diffiorenei 
will  be  perceived  between  this  arrangement  and  one  in  idiieh 
the  discharge  would  only  take  place  through  a  few  inches  of  As 
same  conductors. 

§  807*  Metallic  communications,  or  electrodes,  are  nol^ 
in  fact,  necessary  to  determine  the  current  in  these  experiments 
If  a  piece  of  turmeric  paper  and  a  piece  of  litmus  paper  bi 
joined  together  so  as  to  form  one  pointed  conductor,  moistened 
with  sulphate  of  soda,  and  be  supported  on  wax  between  tit 
points,  connected  with  the  two  conductors  of  the  machine,  tk 
vitreous  point  being  opposite  the  litmus  paper,  and  the  reshioM 
opposite  the  turmeric,  with  an  interval  between  each  of  aboit 


(145)  This  simple  apparatus  is  represented  below,  a  and  h  «• 
two  pieces  of  tin-foil,  one  of  which  is  connected  by  an  insulated  wii^ 
c,  with  the  positive  conductor  of  the  machine,  and  the  oth«  bj  tb* 
wire,  ^,  with  the  ground  or  the  negative  conductor.  Two  pieeei  • 
fine  platinum  wire,  bent  as  follows,  are  provided.  The  part,  df/^ 
nearly  upright,  while  the  whole  rests  upon  the  three  points,  p  e/ 
These  are  placed  as  in  the  first  figure,  and  the  points  p  and  n  beooae 
the  electrodes  where  the  decompositions  take  place. 
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hdf  an  inch^  the  evidence  of  polar  decomposition  will  quickly 
appear  upon  working  the  machine.  In  this  case,  the  air  itself 
Dty  be  said  to  constitute  the  electrodes,  the  particles  com- 
BHUiicating  the  chai^  on  one  side,  and  receiving  it  on  the 
odier,  after  it  has  performed  its  electrolytic  work. 

§  808.  Dr.   Faraday  remarks,  that  it  is  wonderful  to 
iliierve  how  small  a  quantity  of  a  compound  body  is  decom- 
posed by  a  certain  portion  of  electricity;   and  he  has  made 
i  careful  comparison  of  the  electrolytic  effects  of  electricity 
icom  friction,  and  of   voltaic  electricity,  to   show  what   an 
noraious  quantity  of  the  force  is  naturally  associated  with  the 
laments  of  a  grain  of  water,  and  is  required  for  its  decom- 
Mtion.    Two  wires,  one  of  platinum  and  one  of  zinc,  each 
l^di  of  an  inch  in  diameter,  placed  ^^tia  of  an  inch  apart,  and 
amiened  to  the  depth  of  l^ths  of  an  inch  in  acid,  consisting  of 
ne  drop  of  oil  of  vitriol  and  four  ounces  of  distilled  water,  at  a 
iBBperature  of  6(JP  Fahrenheit,  and  connected  at  the  other 
itremities  by  a  copper  wire  18  feet  long,  and  iV^  ^^  ^^  ^^^ 
1  thickness,  yielded  as  much  electricity  in  little  more  than 
KM  seconds  of  time,  as  a  Leyden  battery  exposing  a  surface 
^  3500  square  inches,  charged  by  30  turns  of  a  plate-glass 
acfaine,  60  inches  diameter,  in  full  action.    This   quantity, 
oqgh  sufficient  in  its  exalted  state  of  tension  to  have  killed  a 
i  or  cat  if  passed  at  once  through  its  head,  as  by  a  flash  of 
htning,  was  evolved  by  the  mutual  action  of  so  small  a  portion 
the  sine  wire  and  water  in  contact  with  it,  that  the  loss  of 
ight  sustained  by  either  would  be  inappreciable  by  our  most 
licate  instruments.     By  carrying  out  tiiis  calculation  further, 
would  appear  that   800,000  such   charges  of  the   Leyden 
toy  would  be  necessary  to  supply  electricity  sufficient  to 
impose  a  single  grain  of  water;  a  quantity  which  would  be 
lal  to  a  very  powerful  flash  of  lightning;  but  which,  in  an 
initely  lower  state  of  tension,  would  be  supplied,  in  three 
antes  and  three-quarters,  by  an  electric  current  capable  of 
sping  a  platinum  wire  yir^^  ^^  ^^  ^^^  ^^  thickness  red  hot. 

§  809.  The  disruptive  discharge  of  the  voltaic  battery 
x)ugh  air  is  dependent  upon  precisely  the  same  principles  as 
Mc  of  the  Leyden  battery;  but  the  phenomena  are  modified 
the  lower  intensity,  greater  quantity,  and  perpetual  renewal 
the  force.     When  passing  between  two  charcoal  points,  its 
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duration  renders  it  the  most  splendid  source  of  light  «li 
under  the  command  of  art.  Rareftiction  of  the  medium  t) 
which  it  passes,  either  by  heat  or  by  mechanical  mean 
duces  the  same  effects  as  upon  the  common  electric  spsd 
friction.  When  the  poles  of  a  powerful  battery  are  gn 
separated  after  contact,  the  disdiarge  takes  place  throi 
interval  which  increases  with  the  heating  of  the  ur  ' 
ignited  charcoal.  With  the  original  battery  of  the 
Institution  of  2000  plates,  the  discharge  passed  throng 
inches  of  lur;  and  with  the  constant  battery  of  7C  eel 
fiame  is  much  more  voluminous,  and  extends  to  the  diit 
one  inch. 

It  would,  however,  appear  that  the  ur  is  not  the  onl 
of  matter  which  is  concerned  in  the  phenomena,  bi 
particles  of  the  solid  electrodes  contribute  to  the  geneil 
by  convection.  It  is  probftbie  that  the  superior  briJlii 
the  phenomena  with  charcoal  may  be  owing  to  the 
number  of  its  solid  particles,  which  its  small  cohesion  i 
it  to  throw  off  in  the  process  (146). 

^  810.  In  some  experiments  with  a  large  batter 
structed  by  Dr.  Hare,  the  zincode  was  made  of  plumbij 
the  platinode  of  well-bumed  charcoal;  a  most  vivid  dii 
was  produced,  and  fused  particles  of  the  plumbago  wen 
ported  over  to  the  opposite  pole,  which  sensibly  incM 
length. 

(146)  Some  notion  of  the  appearance  of  the  voltaic  flsnu, 
the  air  and  in  vacuo,  may  be  formed  from  the  annexed  iketekc 
ardted  foim  is  owing  to  the  ascensional  force  of  the  heated  sit 
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In  other  experiments  which  were  made  by  the  author  with 
I  constant  battery  of  /O  large  cells,  a  great  body  of  flame  was 
generated  which  passed  through  a  distance  of  a1)out  an  inch^ 
uid  the  charcoal  of  the  zincode  invariably  presented  a  cup- 
ihaped  cavity^  while  a  considerable  protuberance  was  formed 
open  the  platinode  of  hard  and  brilliant  carbon  with  a  mammil- 
lated  appearance.  When  the  zincode  was  of  platinum,  and  the 
platinode  of  charcoal,  the  latter  became  studded  with  globules 
of  fased  platinum ;  and  when  this  arrangement  was  reversed,  a 
considerable  protuberance  of  carbon  was  formed  upon  the 
platinum  platinode. 

§  81 1.  The  colour  of  the  light  varies  witli  the  substances 
between  which  the  discharge  passes.  The  l)eautiful  effects  pro- 
duced by  the  deflagration  of  thin  metallic  leaves  interposed  in 
iie  course  of  the  discharge  are  not  owing  to  tlie  combustion  of 
'he  metals,  though  in  some  cases  increased  by  tliis  cause,  but 
irise  from  a  dispersion  of  their  particles  analogous  to  that  of 
:he  more  momentary  explosion  of  the  Leyden  battery.  They 
equally,  in  both  cases,  t&ke  place  in  vacuo. 

Gold-leaf  emits  a  white  light  tinged  with  blue;  silver,  a 
beautiful  emerald  green  light ;  copper,  a  bluish  white  light  with 
rckl  sparks;  lead,  a  purple;  and  zinc,  a  brilliant  white  light 
fringed  with  red. 

The  disruptive  discharge  of  the  voltaic  battery  will  take  place 
with  great  brilliancy  under  the  surface  of  distilled  water;  some 
electrolytic  effect  will  at  the  same  time  occur,  but  the  greater 
put  of  the  charge  will  pass  in  a  brilliant  stream  of  light. 

§  812.  It  remains  now  that  we  trace  the  passage  of  tiie 
voltaic  current  through  the  good  conducting  portion  of  its 
drcnit;  and  it  cannot  be  doubted  that  the  process  depends 
upon  the  same  condition  of  particles  as  that  which  we  described 
v  preceding  and  accompanying  the  similar,  but  momentary, 
propagation  of  electricity  from  friction. 

As  an  intermediate  link  between  electrolytes  and  conductors. 
We  an  presented  with  a  remarkable  substance  in  stdphurei  of 
liber.  When  placed  in  the  circuit  with  a  galvanometer^  the 
needle  indicates  a  feeble  conducting  power  at  ordinary  tempe- 
ttfanes;  but  on  gently  warming  it,  the  conducting  power  rises 
vapidly  with  the  heat,  till  at  length  the  galvanometer  needle 
jumps  into  a  fixed  position,  and  the  sulphuret,  while  still  in 
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the  solid  state,  is  found  conducting  like  a  metal.  On  allovitif; 
tlie  heat  to  fall,  the  effects  are  reversed.  While  hot,  the  sol- 
phuiet  conducts  suffiriently  well  to  afford  a  spark  like  a  metal. 
Sulphuret  of  lead  and  some  other  sulphurets  are  also  conducton 
of  a  umilar  kind. 

§  613.  This  effect  of  heat  is  in  direct  contrast  withiti 
influence  upon  metallic  bodies,  the  conducting  power  of  wtdd 
generally  varies  with  their  temperature,  and  is  lower  in  some 
inverse  ratio  as  the  temperature  is  higher.  If  a  fine  wire  of 
platinum  of  four  or  6ve  inches  in  length  he  placed  in  a  voluic 
circuit,  so  that  the  electricity  passing  through  it  may  heat  Ae 
whole  of  it  to  redness,  and  the  Same  of  a  spirit-lamp  be  applied 
to  any  part  of  it,  so  as  to  raise  that  part  to  whiteness,  the  rot 
of  the  wire  will  instantly  become  cooled  below  the  point  of 
visible  ignition.  For  the  converse  of  the  experiment  let  tk 
wire  be  suspended  in  a  loop,  and  the  lower  port  dipped  ialo 
water,  or  cooled  by  ice,  and  the  other  parts  will  immedialdf 
become  much  hotter,  and  ^m  a  red  will  rise  to  a  white  heat.      | 

The  effect  of  heat  upon  sohd  diellbtrics  is  curiously  <xw- 
trasted  with  its  influence  upon  the  conducting  power  of  roetili; 
for  if  glass  be  heated  it  becomes  a  conductor,  and  incapaUe  d 
insulating  statical  electricity. 

§  814.  The  metals  differ  greatly  from  each  otbermlW 
resistance  which  they  offer  to  the  passage  of  the  current;  and  h 
general  it  may  be  stated  that  those,  which  are  the  best  candid 
tors  of  heat,  are  also  the  best  conductors  of  electricity:  b  il 
therefore  remarkable  that  charcoal,  which  is  one  of  the  wont 
conductors  of  heat,  is  an  excellent  conductor  of  electiid^ 
It  is  not  easy  to  determine  the  exact  differences  at  die  mitk 
by  experiments  which  are  free  from  the  intervention  of  diAri^ 
ing  causes.  We  have  alreAdy  given  ((  342)  a  t^e  «f~v 
conducting  powers  of  eight  metals  u  determined  by  Ife 
Harris,  by  the  discharge  of  electricity  of  friction,  upon  Iki 
hypotheus  that  they  are  in  inverse  proportion  to  the  hatSlf 
powen.  The  following  table  inclodea  the  similar  rasalti  tf 
the  experiments  of  M.  Becqoerel  upon  the  same  metali  wiifc 
current  electricity.  It  will  be  seen  ^t  they  do  not  vciy  aut^ 
rially  differ  from  the  first,  althoogh  they  were  obtained  by  tlit 
totally  diArent  meUiod  of  meunring  (bm  magnetic  powen  vf 
the  current  instesd  of  its  odorifio 
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TABLE  XLIV.    Electrical  Conduciion. 


Copper 

.  100. 

Platinum 

.  16.4 

Gold  . 

.     93.6 

Iron 

.  15.8 

Silrer  • 

.     73.6 

Tin 

.  15,5 

Zinc    • 

.    28.5 

Lead 

.    8.0 

experiments  of  this  kind  it  is  necessary  to  attend  to  the 
rity  of  the  metals;  for  it  has  been  ascertained,  particularly 

the  experiments  of  Mr.  Harris,  that  the  conducting  power  of 
oys  is  very  different  from  that  of  their  component  metals: 
I  observation  which  greatly  favours  the  view  of  conduction 
iddi  refers  it  to  an  action  of  constituent  particles. 

§  815.  In  consequence  of  its  good  conducting  power,  a 
wik  greater  length  of  silver  wire  of  a  given  diameter  will  be 
ttmtained  in  a  state  of  incandescence  by  a  constant  current, 
UDi  of  platinum  or  iron;  but  if  a  compound  wire  be  made  of 
Itemate  short  lengths  of  silver  and  platinum,  the  latter  will 
eoome  red  hot  while  the  former  remains  cold  (147).  The 
bnge  which  passes  freely  along  the  silver  meets  with  resist- 
Doe  enough  in  the  platinimi  to  produce  ignition.  If  a  plati- 
mn  wire  be  passed  through  a  vessel  containing  water,  little  of 
lie  corrent  is  diverted  from  its  course,  on  account  of  the  bad 
imducting  power  of  the  liquid  for  electricity  of  such  low  in- 
snsity;  and  the  consequence  is,  that  it  may  easily  be  made  to 
oil  by  the  heat  evolved. 

The  law  of  conduction  in  metals,  as  we  have  already  stated 
}  681),  has  been  determined  by  very  accurate  experiments  to 
e,  that  for  the  same  metal,  the  power  increases  directly  as  the 
rea  of  its  section,  and  inversely  as  its  length. 

§  816.  It  is  difficult,  if  not  impossible,  to  establish  any- 
ung  like  a  rigorous  comparison  between  the  results  of  two 

(147)  The  compound  wire  may  be  disposed  between  the  two 
kectrodes,  n  and  p,  as  shown  in  this  figure.  The  platinum  links, 
p  p  p,  become  red  hot  during  the  passage  of  the  current,  while  the 
Iternate  silver  links,  s  s  s  s^  remain  dark. 
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processes  so  different  as  those  by  which  conduction  is  can 
on  in  liquids  and  solids;  but  M.  Pouillet  has  detennined  t 
the  same  law  is  maintained  for  liquids  contained  in  cylindi 
tubes.  He  has  also  compared  together  the  conducting  po 
of  different  saline  solutions  so  placed;  the  electrodes  Ix 
formed  of  the  metal^  the  oxide  of  which  was  in  solution;  Iw 
platinum  for  pure  water.  He  found  that  433  feet  of  platii 
wire  0.006  inch  in  diameter^  were  equivalent  to  a  colmm 
saturated  solution  of  sulphate  of  copper  3^  feet  in  lengdi 
0.8  inch  in  diameter.  This  result  makes  the  conductibifit 
the  platinum  two  million  and  a  half  times  greater  than  tin 
the  solution. 

Then  taking  the  conducting  power  of  a  saturated  solutioi 
copper  at  59°,  as  the  standard  of  comparison,  the  power  of  ot 
solutions  he  states  to  be  as  follows : — 


Saturated  Solution  of  Sulphate  of  Copper 
Ditto  diluted  with  1  volume  of  Water 
Ditto         ditto       2  volumes         „ 
Ditto         ditto       4  volumes         ,, 
Saturated  Solution  of  Sulphate  of  Ziiic 
Distilled  Water        .... 


Ditto  with  aoooo^b  Nitric  Acid 


1 

0.64 
0.44 
031 

0.417 

O.OQ25 

0.015 


But  although  some  notion  may  be  formed  from  this  compm 
of  the  enormous  difference  between  the  resistance  of  a  mi 
and  of  an  electrolyte  to  the  passage  of  a  current,  it  murt 
quite  clear,  from  our  previous  investigations,  that  nothing  I 
accuracy  can  be  attributed  to  it. 


APPLICATIONS  OF  ELECTROLYTIC  FORCE. 

§  817«  An  introduction  to  the  study  of  chemical  pli 
sophy  will  not  be  expected  to  include  the  particulars  of 
applications  of  the  science  to  the  progress  of  the  arts ;  and 
it  may  not  be  without  its  scope  to  show  how  rapidly  an  ei 
sion  of  scientific  principles  may  bring  forth  the  fruit  of  m 
applications.  The  invention  of  the  constant  battery  has  aln 
effected  much  in  this  way.  It  was  no  sooner  known  th 
current  of  force  of  any  desirable  amount  might  be  kept  up  ^ 
unvarying  steadiness  for  any  required  time,  at  a  very  mode 
expense,  than  the  idea  was  conceived  of  applying  it  to  vir 
manufacturing  purposes.  It  was  abo  immediately  attemplei 
convert  it  into  mechanical  force.     A  patent  has  even  been  ti 
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out  for  an  electrolytic  engine,  of  which  a  working  model  has 
been  constructed,  which  may  readily  be  understood  from  a 
verbal  description.  It  consists  of  a  strong  ))arre1  and  piston 
placed  over  a  pair  of  electrodes  abundantly  generating  the  mixed 
gases  from  dilute  sulphuric  acid.  As  the  gases  accumulate 
under  the  piston  they  raise  it,  and  when  it  reaches  the  upper 
part  of  the  barrel  a  portion  of  the  current  is  passed  through  a 
smaU  portion  of  thin  platinum  wire,  properly  disposed  for  the 
purpose,  which  becoming  ignited  fires  the  gases ;  and  a  vacuum 
being  produced,  the  pressure  of  the  atmosphere  depresses  the 
piston  in  the  barrel;  when  the  process  is  again  renewed.  This 
alternating  motion  taking  place  may,  of  course,  be  easily  com- 
municated to  machinery  of  different  kinds.  It  is  not,  however, 
likely  that  a  power  so  derived  from  the  current  will  ever  be  able 
to  compete  usefully  with  the  power  of  heat  acting  by  steam. 
Extraordinary  as  a  prediction  to  that  effect  would  have 
sounded  at  the  outset,  it  is  the  fine  arts  which  have  profited 
most  by  the  applications  of  electrolytic  force. 

§  818.   We  have  seen  that  in  the  voltaic   circuit  the 
metals  travel  and  are  finally  deposited  in  the  metallic  state ;  and 
when  no  disturbing  cause  intervenes,  the  substance  of  the  pre- 
cipited  metal  is  perfectly  compact,  and  possesses  all  the  lustre, 
tenacity,  and  malleability,  which  is  due  to  it  in  its  most  perfect 
state ;  so  that  it  admits  of  being  stripped  off  the  electrode  in  a 
homogeneous   sheet.       At  times    indeed  the   precipitation  is 
brittle,  granular  or  disintegrated,  but  this  is  only  owing  to  the 
secondary  action  of  hydrogen  upon  the  metallic  solution,  when 
a  part  of  the  aqueo-acid  has  been  decomposed  with  the  metallic 
electrolyte ;  or  to  a  too  rapid  action  of  the  current.    The  per- 
fect manner  in  which  the  metal  obeys  the  law  of  homogeneous 
attraction  as  it  passes  slowly  from  the  influence  of  affinity,  is 
one  of  the  most  convincing  proofs  that  it  is  the  metal  which 
travels  in  the  circuit,  and  that  its  deposition  is  a  primary  effect 
of  electrolysis.    So  accurately  does  it  mould  itself  to  the  elec- 
trode that^  almost  in  the  first  sheet  of  copper  which  was  thus 
stripped  off^  the  counterparts  of  the  marks  of  a  fine  file  upon 
die  platinum  plate  were  observed :  and  here  ends  the  philoso- 
phy of  the  process. 

It  waa^  however,  quickly  perceived  that  other  impressions 
flian  that  of  a  file  might  thus  be  obtained,  and  valuable  appli- 
catkms  of  the  observation  arose  at  once  from  independent 
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The  process  of  voUa-typing  consista  in  taking  hc-similfs  of 
difFerent  objects  of  art  or  nature  from  properlj  prepared  muuldi, 
or  in  covering  the  objects  themselves  with  a  coating  uf  preci- 
pitated metal.  Tliis  application  has  received  an  almost  indefi- 
nite extension  from  the  discovery  of  Mr.  Murray  that  the 
surface  of  any  substance,  even  the  most  perfect  non-conductor, 
may  be  rendered  sufficiently  conducting  for  the  purpose  by  tht 
thinnest  conceivable  coating  of  plumbago,  so  that  the  impm- 
sion  of  the  finest  engraved  seal  in  wax  may  readily  be  copiBl 
by  this  process.  The  force  of  a  single  circuit  is  ordinarily  the 
best  adapted  to  the  purpose. 

If,  for  instance,  it  be  desired  to  take  the  copy  of  a  roedilm 
copper,  a  mould  (or  a  cUch^e,  as  it  is  called)  may  be  made  fran 
it  in  fusible  metal,  or  in  wax,  or  plaster  of  Paris,  covered  with 
plumbago,  and  connected  by  a  copper  wire  with  a  rod  or  plitt 
of  zinc :  a  porous  tube,  or  a  glass  open  at  both  ends,  one  eitn- 
mity  of  which  is  tied  over  with  a  piece  of  bladder,  is  prorided: 
it  is  then  suspended  within  a  larger  vessel  filled  with  a  aolotiin 
of  sulphate  of  copper,  which  must  be  kept  saturated  durii^  the 
process.  The  smidler  vessel  is  then  filled  with  dilute  ndphuic 
acid>  into  which  the  zinc  is  immersed,  while  the  mould  ii 
plunged  into  the  solution  of  <Kipper;  a  simple  dicle  ii  thv 
formed.  Several  moulds,  if  required,  may  be  connected  vilih 
the  zinc  at  the  same  time.  When  the  deposited  oo^ipK  \m 
acquired  sufficient  tlncknesa,  which  will  generally  be  the  ottii 
24  hours,  it  may  be  removed  by  carefully  loosening  it*  edgt  wilii 
a  knife  and  then  gently  detaching  it  from  the  mould  (148). 

The  best  way  of  providing  for  the  continual  aatuntkn  sf 
the  solution  of  the  sulphate  of  copper  is  to  connect  it  by  a 
copper  zincode  with  a  battery  series  of  two  or  three  coD^  jntf 
sufficient  to  overcome  the  extra  resistance  thus  introdoBad^ 
making  the  mould  In  the  solution,  the  platinode  of  the  MM 
combination.      In  this  way  the  porous  tube  and  liue  »  d» 


(148)  A  represents  the  acid  holdn-  trilli  lU 
ponos  (Uaphragni,  d;  b  the  venal  containing  Ae 
nlntion  of  ralphata  of  c(^p«r;  O  ihv  roonltl  ujKia 
which  the  pieeiptation  of  ooppcr  is  to  takr  |>Ua. 
and  which  ii  connected  fay  thv  wiie  k  iridi  lif 
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enaed  with.    The  copper  is  thus  dissolved  at  the  zincode  as 
ist  as  it  is  deposited  at  the  platinode. 

Natural  objects^  such  as  fruits^  leaves^  insects^  &c.^  being 
brst  lightly  covered  with  plumbago^  may  thus  be  incrusted  with 
i  covering  of  metal^  and  present  the  most  beautiful  appearances. 

The  most  extraordinary  proof  of  the  extreme  delicacy  and  ' 
perfection  of  the  art  of  volta-typing^  consists  in  the  fact  that 
tbe  inconceivably  minute  tracings  of  a  daguerrotype  may  thus 
be  transferred  to  copper^  and  although  the  figures  of  the  objects 
win  be  reversed^  the  lights  and  shades  will  correspond  in  the 
most  perfect  manner. 

§  819.  The  arts  of  plating  in  silver  and  gilding  have  been 
koiight  to  the  highest  state  of  perfection  by  the  same  means. 
It  was  not  possible^  by  the  old  processes^  to  plate  finely- 
embossed  work  with  silver^  but  by  this  process^  for  which  Mr. 
BIdngton  has  taken  out  a  patent^  the  finest  work  in  copper  or 
Uferior  white  metals  may  be  covered  with  silver  of  any  thick- 
iMn  which  may  be  required :  and  it  is  impossible  for  the  most 
pnictiaed  eye  to  distinguish  it  from  the  purest  silver. 

Hie  only  difficulty  consists  in  selecting  the  proper  salt  for 
electrolysis^  and  in  the  proper  adjustment  of  the  low  degree  of 
power  which  is  required.  If  the  process  be  conducted  with  too 
pttt  rapidity^  the  adhesion  of  the  metals  is  not  perfect^  and  as 
^  noble  metals  are  retained  in  combination  by  low  degrees  of 
iflbiity^  and  different  salts  differ  in  this  respect^  some  practice 
1^  judgment  are  required  to  arrive  at  the  best  results.  The 
(dutions  which  upon  the  whole  are  understood  to  answer  best 
)r  silver  and  gold^  are  formed  by  boiling  the  oxides  of  the 
letals  in  a  solution  of  cyanide  of  potassium  and  pouring  off  the 
(dutions^  which  are  then  ready  for  use ;  or  simply  by  adding  the 
cdntions  of  the  soluble  salts  of  the  metals  to  die  solution  of  the  ' 
yanide  as  long  as  the  precipitate  at  first  formed  is  redissolved. 

§  820.  Another  application  of  die  electrolytic  force  which 
nonuses  to  be  of  scarcely  less  importance  than  the  last^  consists 
^toUorengraving ;  by  which  upon  the  same  principles^  and  by 
lie  lame  species  of  general  management^  copies  may  be  obtained 
rf  the  plates  of  the  first  masters^  of  such  perfection  that  the 
^tists  themselves  cannot  distinguish  impressions  from  the 
^ies  fixnn  those  from  the  original  plates^  and  speak  of  them 
^  as  of  copies  but  as  their  own  original  works.    There  is  no 
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limit  to  the  number  of  plates  which  may  thus  be  multiplied, 
without  the  least  deterioration  or  damage  to  the  originaL  Tbe 
copper  which  is  precipitated  is  found  to  be  of  such  superior 
quality  that  plates  prepared  from  it  are  preferred  by  artists  (or 
their  original  work  to  common  copper^  which  it  is  difficult  to 
obtain  of  uniform  quality^  and  consequently  is  very  expensifei 
A  process  of  volia-etching  may  also  be  carried  on  by  pladif 
a  plate^  etched  upon  a  resinous  ground  in  the  usual  way^  at  die 
zincode  of  the  battery  instead  of  the  platinode^  when  the  iitiiy 
in  will  be  performed  by  the  oxysulphion  disengaged  upon  it  nxn 
sharply  and  much  more  conveniently  than  by  the  usual  actui 
of  nitric  acid. 

§  821.  It  is  impossible  indeed  to  describe  all  tbe  inge- 
nious applications  which  have  already  been  made  of  the  pli3»> 
sophic  principles  which  have  been  lately  developed  in  da 
branch  of  science ;  most  of  which  have  been  brought  to  a  dcjwe 
of  perfection  in  two  or  three  years  which  is  truly  adminbk. 
The  last  which  we  can  mention  may  perhaps  be  called  roftf- 
embossing,  by  which  the  substance  of  copper  plates  is  partiallf 
thickened^  according  to  the  designs  of  a  pattern  stopped  oi 
upon  the  plate  with  resinous  grounds^  and  which  are  afterwirii 
used  for  printing.  In  this  manner  an  artist  draws  hisdeap 
upon  a  plate  with  prepared  liquids,  submits  it  to  the  bittaji 
and  it  is  afterwards  printed  upon  paper^  and  cylinders  so  pi^ 
pared  are  now  used  with  great  advantage  in  establishments  for 
printing  cottons. 

XV.     THERMO-ELECTRICITY. 

§  822.  We  have  seen  that,  when  the  electric  cumat 
meets  with  obstruction  to  its  course,  the  equilibrium  of  bettv 
disturbed  even  in  good  conductors ;  it  might,  therefore,  hm 
been  a  priori  expected  that  a  disturbance  in  the  equal  flow  of 
heat  would  produce  an  electric  current,  in  such  forms  of  mitlff 
as  are  capable  of  transmitting  it. 

We  are  indebted  to  Professor  Seebeck  of  Berlin,  for  4i 
experimental  confirmation  of  this  conclusion  in  1822,  and  At 
discovery  of  the  phenomena  of  thermo-electricity. 

§  823.  If  a  platinum  wire  be  carefully  soldered  to  tke 
tii'o  extremities  of  a  delicate  galvanometer,  and  it  be  heated  it 


THEKMO-ELECTIIIC  COUPLES.  555 

*ny  point  remote  from  the  junctions,  no  disturbance  of  the 
electric  equilibrium  will  be  produced;  from  the  homogeneous 
Btnicture  of  the  wire,  the  heat  will  dow  equally  to  the  right  and 
left  of  the  heated  point.  But  it  will  be  very  different  if  a  knot, 
or  a  spiral  turn,  be  made  in  the  wire  without  breaking  it ;  for 
if  the  focus  of  heat  be  applied  to  the  right  of  such  obstruction, 
an  electrical  current  will  be  established  from  right  to  left  and 
will  be  indicated  by  the  needle.  This  must  arise  from  tlie 
unequal  rate  at  which  the  heat  will  obviously  be  propagated  on 
the  two  sides  of  the  obstructing  mass.  Wires  of  copper  and 
rilver  will  act  in  the  same  way,  only  in  a  very  inferior  degree. 
The  same  effect  will  be  produced  if  the  wire,  instead  of  being 
continuous,  be  divided,  and  each  end  being  twisted  into  a  spiral 
to  increase  the  surfaces,  one  be  heated  red  in  a  spirit  lamp,  and 
brought  into  contact  with  the  other.  The  deviation  of  the 
magnetic  needle  will  indicate  as  before,  that  a  current  is  passing 
fironi  the  hotter  to  the  colder  point.  That  these  effects  do  not 
depend  upon  any  chemical  action  of  the  air,  is  proved  by  per- 
foiming  the  experiment  under  the  surface  of  well  purified  oil, 
under  which  circumstances  the  same  results  ^vill  be  obtmned. 

Those  metals  which  possess  a  decidedly  crystalline  texture 
preaent  even  more  marked  electrical  phenomena  from  the 
unequal  propagation  of  heat  in  their  masses.  If  a  ring,  or 
rectangle,  be  cast  of  antimony  or  bismuth,  of  the  diameter  of 
three  or  four  inches,  and  of  the  substance  of  about  the  third  of 
an  inch,  and  one  half  of  its  surface  be  kept  cool  by  ice  and  the 
other  heated,  a  current  of  electricity  will  be  immediately  esta- 
Wshed  of  sufficient  power  to  affect  the  magnetic  needle  without 
the  assistance  of  a  coil. 

§  82't.  These  tliermu-electric  effects,  again,  are  very 
Bmdi  increased  by  combinations  of  two  metals.  If  a  bar  of 
■ntimony  have  a  copper  wire  soldered  to  it,  or  merely  twisted 
nmnd  one  of  its  ends  and  attached  to  the  other  in  the  form  of 
■  loop,  when  heated  at  the  contact  of  the  metals  at  one  extre- 
mity, it  will  strongly  deflect  a  magnetic  needle  placed  above  or 
below  it  ( 119). 

It  is  found  tliat  similar  circuits  may  be  formed  of  combi- 

(HD)  a  repreitentt  a  bar  of  aDtimony  with  a  piece  of  copper  wire 

1  louiid  one  end  of  it,  b,  and  looped  over  the  other  end,  e. 

When  heated  by  the  flame  of  a  spirit  lamp 

■t  the  contact  of  the  metals  i,  a  megnetie 

needle  placed  at  J,  wiU  be  dcflobtcd. 
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nations  of  other  metals^  and  that  they  may  be  ranged 
fottowing  order  according  to  their  thermo-electric  effic 
the  most  powerful  combination  being  formed  by  those 
which  are  the  most  distant  firom  each  other  in  the  so 
bismuth;  platinum;  lead;  tin;  copper^  or  silver;  zinc: 
antimony.  When  heated  together^  the  current  is  foi 
proceed  from  those  which  stand  last  to  the  first. 

§  825.  There  can  be  little  doubt  that  the  speci£ 
and  conducting  power  of  the  metals  must  be  concerned  ii 
effects;  but  in  comparing  the  tables  of  each^  the  con 
does  not  immediately  appear.  Structural  crystalline  ai 
ment  has  also  much  influence  upon  them.  With  some  < 
nations,  as  for  example,  zinc  and  silver,  the  current  wH 
increasing  with  the  temperature  to  a  certain  point,  248 
then  become  null,  and,  by  increasing  the  heat,  will  I 
established  in  the  contrary  direction.  This  singular  ] 
menon  is  most  probably  referrible  to  a  change  in  the  ar 
ment  of  the  particles  of  the  zinc. 

§  826.  The  different  powers  of  the  currents  from  di 
couples  of  metals,  for  the  same  differences  of  temperatun 
be  ascertained  by  forming  a  compound  circuit  of  all  those 
it  is  wished  to  compare.  All  the  junctions  are  kept 
temperature  of  melting  ice,  except  diat  which  is  to  be  t 
into  activity,  which  may  be  raised  by  being  plunged  int 
oil.'  The  mere  conducting  power  of  the  circuit  thus  re 
the  same  in  every  experiment,  and  the  results  will  be  fl 
comparable  with  each  other. 

§  827.  Similar  circuits  may  also  be  formed,  acoof^ 
the  experiments  of  M*  Nobili,  with  substances  whose  co 
ing  power  is  lower  than  that  of  the  metals.  He  made 
cylinders  of  porcelain  clay,  of  the  length  of  two  or  three 
and  three  or  four  lines  in  diameter,  and  wrapped  round  tb 
of  each  some  cotton  steeped  in  a  conducting  liquid  whidi 
to  place  them  in  direct  communication  with  the  galvan€ 
One  of  the  ends  was  reduced  to  a  point,  and  after  hei 
red  at  a  spirit  lamp,  he  pressed  it  upon  the  cold  extra 
the  other  cylinder,  and  a  current  was  established  from  t 
part  of  the  arrangement  towards  the  cold.  This  eflfect  ui 
to  the  mutual  reaction  of  two  portions  of  water  of  di 
temperatures. 


^r 
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The  following  table  exhibits  the  quantities  of  the  currents 
a  difference  of  36^^  of  pairs  of  eight  metals  differently 
uiged;  the  lengths  of  which  were  7*88  inches^  and  their 
meters  about  two  hundredths.  The  sign  +  indicates  the 
tal  from  which  the  current  proceeds : — 


!*ABLE  XLV.     Thermo-electric  Powers  qf  different  Metallic 

Couples. 


Temp,  of 

Devtatlon  of 

InCenslty  of 

JimcUon. 

Needle. 

+ 

Iron  and  Tin 

68° 

36^.50 

31°.24 

+                  - 

Copper  and  Platinum  . 

1         • 

68 

16.00 

8.55 

+ 

Iron  and  Copper 

• 

68 

34.50 

27.96 

+ 

Silrer  and  Copper 

• 

68 

4.00 

2. 

+ 

Iron  and  Silver 

t         • 

68 

33.00 

26.20 

+ 

Iron  and  Platinum 

•         • 

68 

39.00 

36.07 

+              - 

Copper  and  Tin 

•         • 

68 

7.00 

3.50 

+ 

Zinc  and  Copper 

•         • 

68 

2.00 

1.00 

+ 

SQTer  and  Gold 

1         ■ 

68 

1.00 

0.50 

§  828.  The  thermo-electric  current  may  be  increased  by 
ming  a  compound  circuit,  and  arranging  the  pairs  of  metals 
a  series  of  alternations  analogous  to  those  of  the  voltaic 
le.  If  three  bars  of  bismuth  with  three  of  antimony  placed 
amately^  so  as  to  form  the  sides  of  a  hexagon,  be  soldered 
ledier  and  placed  upon  two  supports  in  a  horisontal  position, 
a  of  the  sides  being  in  tiie  magnetic  meridian  with  a  com- 
■i  needle  below  it,  upon  heating  one  of  the  junctions,  the 
^Ae  will  be  aeniibly  affected.  The  deviation  will  be  oonsi- 
0kkf  ineieaeed  on  heating  two  of  the  alternate  angles  of  the 
Migeii;  and  «  itill  greater  deviation  will  be  produced  when 
illiM  fa  applied  to  the  three  alternate  angles. 
«Xil  dL  Aeee  eombinBtions,  similar  effiscts  may  be  prodoced 
yMiHHBg  Uie  tampentore  of  one  or  more  of  tlM  ji^ 
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the  application  of  ice  or  other  means ;  and  when  the  adkm  of 
ice^  on  one  set  of  the  alternate  angles^  is  combined  with  thtt  of 
flame  on  the  other  set^  the  effect  is  still  more  considerable  (150). 
Upon  multiplying  still  further  the  number  of  alternations,  it  i^ 
however^  found  that  the  total  effect  is  inferior  to  the  sum  of  tk 
effects  which  the  same  elements  could  produce  when  emjdoyed 
in  the  formation  of  simple  circuits.  This  is  owing  to  the  lot 
state  of  intensity  of  the  current^  which  occasions  great  lost  of 
power,  whenever  it  has  to  traverse  any  considerable  line  of  cob- 
ductors  even  of  the  most  perfect  kind. 

§  829.  The  thermo-electric  pile  has  lately  been  applied 
by  Messrs.  Nobili  and  Melloni,  as  a  most  delicate  and  accunte 
measure  of  temperature.  Thirty-six  pairs  of  bars  of  bismoA 
and  antimony,  packed  into  a  small  compass,  and  having  a  TOf 
deUcate  galvanometer  with  two  needles  attached  to  them,  woe 
found  to  be  so  sensible  as  to  be  affected  by  the  warmth  of  tk 
hand  at  the  distance  of  thirty  feet,  and  an  instrument  o»r 
structed  upon  this  principle,  with  all  the  necessary  precaotioBii 
is  applicable  to  a  variety  of  delicate  investigations  for  whidi  tif 
of  the  common  thermometers  would  be  totally  insufficient 

§  830.  The  thermo-electric  current  will  occasion  coa- 
vulsions  in  the  limbs  of  a  frog,  but  is  inadequate  in  its  primtfj 
state  to  effect  any  kind  of  chemical  decomposition. 

§  831.  M.  Pouillet  has  compared  together  the  tbemo- 
electric  and  the  hydro-electric  currents,  by  passing  the  httff 
through  a  platinum  wire  of  sufficient  lengtli  to  reduce  it  to « 
intensity  just  sufficient  to  balance  the  former.  In  one  of  Ui 
experiments  he  found  that  590  feet  of  platinum  wire  '006  incki 
in  diameter,  comprising  the  resistance  of  the  battery  previowif 


(150)  a  a  a  a  represent  four  bars  of  antiroonj  soldered  to  ta 

bars  of  bismuth,  b  b  b  b.     If  the  extremitis 
—  at  c  be  placed  in  perfect  metallic  conmv   : 

^  a  i  cation,  as  by  the  wires  of  a  galTanometer,  td 
1^  the  temperature  of  the  junctions  be  altenaMf 
A I  raised  and  depressed,  an  electric  cuiRBtvl 
be  determined  in  the  direction  of  the  aivM» 
which  will  cause  the  deflection  of  a  ioap/6^ 
needle  placed  immediately  over,  or  vndor,  tff 
part  of  the  circuit. 
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letermined  in  this  measure,  were  required  to  reduce  the  current 
From  twelve  pair  of  plates  ^ith  double  coppers  to  an  equilibrium 
vrith  that  of  one  pair  of  bismuth  and  copper,  in  a  circuit  of  65.6 
feet  of  copper  wire  of  0.039  inches  diameter,  with  a  difference 
of  76°  Fahrenheit  of  temperature. 

By  calculating,  from  subsequent  experiments,  the  relations 
between  tlie  electromotive  forces  and  the  resistance,  in  these 
two  cases,  he  ascertained  that  the  hydro-electric  current  had 
an  intensity  1 14,000  times  greater  than  that  of  a  single  pair  of 
bismuth  and  copper,  produced  by  a  difference  between  the  two 
junctions  of  1.8°  Fahrenheit. 

§  832.  We  are  now  prepared  to  examine  more  accurately 
the  effect  which  the  electric  current  produces  upon  the  tempe- 
rature of  good  conductors,  when  it  passes  from  one  metal  into 
another  in  the  same  circuit.     We  have  already  seen  (§  815), 
that  when  traversing  a  compound  wire  of  platinum  and  silver, 
the  alternate  links  of  tlie  former  metal  become  red-liot,  whilst 
those  of  the  latter  remain  dark  and  comparatively  cool:   this 
effect  we  ascribed  to  the  difference  of  the  conducting  power  of 
the  two  metals.     If  a  weak  current  from  a  single  circuit  be 
transmitted  through  a  bar  of  equal   lengths  of  bismuth   and 
antimony  soldered  together,  from  the  bismuth  to  the  antimony^ 
heat  is  evolved  at  the  point  of  junction,  but  if  in  the  contrary 
direction,  from  the  antimony  to  the  bismuth,  an  absorption  of 
heatj  and  consequent  depression  of  temperature,  will  take  place. 
The  effects  are  appreciable  by  a  delicate  thermometer,  the  ball 
of  which  may  be  placed  in  a  hole  drilled  in  the  bar  at  the  point 
of  junction^  and  it  wiH  rise  in  the  first  case  80°  Fahrenheit,  and 
nnk  in  the  second  6.5°  Fahrenheit.     If  the  bar  be  laid  upon 
in^lfang  snow,  and  a  little  water  be  placed  in  the  cavity  made 
far  the  thermometer,  it  will  be  completely  frozen  in  a  few 
mbmtes. 

f  833.  This  production  of  cold  by  the  voltaic  current 
aMKf  be  demonstrated  also  in  a  striking  way  by  the  secondary 
HMnno^ectric  current  which  it  tends  to  generate.  Let  a  bar  of 
4i  inches  long^  0.4  inch  square^  and  a  similar  bar  of 
r,  be  placed  across  each  other  at  right  angles,  and 
balf  thdr  thicknesses  into  each  other  at  the  place  where 
rArif  tgomt,  and  solder  them  together  with  tin.  On  connecting 
JffO  fi  lUmit  ends  with  a  galvanometer,  and  sending  a  current 
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through  the  others,  a  deflectiDn  of  the  needle  will  take  place  on 
one  side  &om  the  current  generated  fay  the  change  of  tempen- 
ture ;  when  the  direction  of  the  current  is  reversed,  the  needle 
will  be  deflected  in  the  contrary  directicn,  proving  thit  a 
opposite  change  of  temperature  has  taken  place  firom  the  rerem] 
of  the  current.  That  this  secondary  current  is  not  due  to  ut 
diversion  of  the  primary  current,  may  be  proved  by  connecting 
the  two  ends  of  the  same  bar  with  the  galvanometer,  and  undiiig 
the  current  through  the  other  bar,  when  no  effect  will  be  po 
duced. 

These  effects  of  what  may,  perhaps,  be  de^gnated  as  eleetn- 
thermancy  which  we  owe  to  M.  Peltier,  are  the  convene  of 
those  of  thermo-electriinty. 

§  834.  There  is  another  well-established  and  remorluUe 
effect  of  the  heating  power  of  the  voltMc  current,  which  bu 
yet  unexplained.  When  the  conducting  wires  from  the  tn 
extremities  of  a  powerful  battery  cross  one  another,  and  in 
brought  in  contact,  upon  separating  them  to  a  short  distanec,! 
flame  will  appear  between  tjie  two,  and  the  lincode,  or  eledndi 
connected  with  the  conducting  plate  of  the  batteiy,  will  becoo* 
red-hot,  and  that  connected  with  the  generating  metil  wS 
remain  dark,  and  comparatively  cool.  This  effect  is  conitM^i 
of  whatever  metal  the  conducting  wires  may  be  made. 

§  835.  The  power  of  fusion  by  the  electrical  flnne  ■ 

greatly  influenced  by  this  circumstance^  and  metals  laid  upas 
charcoal  in  connexion  with  the  aincode,  melt  much  more  rtafflf  | 
when  the  flame  is  directed  upon  them  from  the  platdnode^  Am 
when  their  situation  is  reversed.  Ilie  constant  battery  of  }■ 
cells  before  referred  to,  completely  fused  the  most  iefiw*My 
metals,  when  thus  disposed :  and  platinam,  rhodium,  titani^ 
and  iridium,  were  melted  in  considerable  quantities. 

XVI.    ELECTRO-MAGNETISM. 

%  836.  Wb  must  now  inquire  more  paitienlnl;  ialMlr 
action  and  laws  of  that  magnetic  ftHce  whic^  we  ban  fiiv 
constantly  accompanying  the  electrical  current,  however  adlMk 
and  tlie  meesure  of  which  we  have  already  adopted  a>  ^ 
measore  of  its  -— ""t-^t  fbice.  We  are  indebted  to  I*rciioKT 
(Erited  for  having  laid  the  ftwrndationa  o£  eieUrtHKag'^ 
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ice  upon  well-devised  and  convincing  experiments.  The 
irent  analogy  between  the  phenomena  of  electric  and 
netic  induction,  as  well  as  the  imcertain  effects  of  electrical 
barges,  both  natural  and  artificial,  upon  the  magnetic  needle, 
hich  we  have  already  referred  (§  386),  early  induced  phi- 
phers  to  suspect  an  intimate  connexion  between  their 
es,  and  various  attempts  were  made  to  establish  such  a 
ion.  Nothing,  however,  satis£EU^ry  had  been  effected  up 
le  time  of  the  Danish  philosopher's  researches.  The  effects 
ectrical  currents  and  discharges  upon  the  needle  had  always 
I  sought  for  at  the  points  where  the  other  effects  had  been 
luced,  namely,  at  the  poles  or  interruption  of  the  circuit ; 
he  found  them  in  the  uninterrupted  current  and  the  closed 
lit. 

§  837*  When  a  wire,  connecting  the  generating  and  con- 
ing plates  of  a  voltaic  battery,  is  laid  in  a  heap  of  iron 
^.  they  adhere  all  around  it  equally,  and  not  more  towards 
extreme  ends  than  at  any  other  part,  and  present  the 
»rance  of  a  closely-compacted  layer,  instead  of  that  bristled, 
rgent,  arrangement,  which  characterizes  the  polar  attraction 
lie  ordinary  magnet.  When  the  circuit  is  broken  in  any 
t  they  immediately  fall  off  under  the  force  of  gravity, 
rhe  general  effect  of  the  conducting  wire  upon  the  magnetic 
lie  has  already  been  described  (§  678);  the  latter  is  not 
icted  by  either  of  its  poles,  as  by  a  magnet,  but  tends  to  place 
f  across  the  wire ;  the  direction  of  its  poles  always  having  a 
itant  relation  to  the  direction  of  the  voltaic  current  (151). 

§  838.  The  conducting  wire  produces  no  effect  upon 
lies  of  brass  or  other  non-magnetic  metals ;  nor  on  needles 
[lass  or  lac  suspended  in  the  same  way  as  the  magnetic 
Ue;  but  its  action  is  freely  transmitted  through  glass, 
als,  wood,  water,  or  resins;  hence  it  is  inferred  that  the 
^e  force  is  not  that  which  we  have  distinguished  as  electrical, 
agrees  in  character  with  the  magnetical. 


151)  If  p  N  represent  the  conducting  wire,  the  posi- 
of  the  needle  s  n  will  depend  upon  its  being  above 
elow  the  wire.     If,  when  above  the  wire,  the  posi- 
of  the  marked  end  »,  be  to  the  right,  when  placed  f 
IT  the  wire,  the  same  end  will  be  directed  to  the 
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§  839.  Electro-magnetic  effects  do  not  depend  upon  die 
number  of  the  battery  series,  but  solely  upon  the  quantity  thrown 
into  circulation,  or  the  efficient  size  of  the  conducting  sor&oe. 

Professor  CErsted  early  found  that  a  plate  of  zinc,  of  100 
square  inches,  immersed  in  a  correspK)nding  copper  vesri 
containing  dilute  acid,  acted  upon  the  needle  at  the  distance  of 
three  feet,  but  that  when  forty  such  combinations  were  placed 
in  series,  the  effect  was  not  increased.  The  reason  of  this  v 
evident,  since  in  such  an  arrangement  the  metallic  resistance  (r 
in  Ohm's  formula)  is  very  slight  when  compared  with  that  ofeel 
by  a  liquid :  if  a  very  long  wire  be  introduced  into  the  cuai 
the  resistance  becomes  appreciable,  and  then  a  correspondng 
increase  of  the  number  of  cells  employed  is  required. 

§  840.  The  magnetic  force  of  the  conducting  wire » 
capable  of  acting  by  induction  upon  soft  iron,  and  of  commr 
nicating  a  permanent  magnetic  polar  condition  to  bars  of  stod. 
If  needles  be  attached  to  the  wire  in  different  directions,  by  fiM 
silver  wire,  some  parallel,  others  transverse,  above  and  bdof| 
they  will  all  become  magnetic  when  the  current  is  transmittei 
Those  which  are  parallel  to  the  wire  will  attract  filings  in  Ai 
same  way  as  the  wire  itself,  but  those  in  a  transverse  direo- 
tion  will  exhibit  each  two  poles.  All  the  needles  yrUA 
are  placed  under  the  wire  will  have  their  poles  in  one  direction 
while  those  which  are  over  it  will  have  their  poles  in  the  cot* 
trary  direction.  On  breaking  the  circuit,  the  needles  that  mB 
on  the  wire  in  a  transverse  position,  will  retain  their  magnelMf 
whilst  those  that  were  pandlel  to  it  will  be  found  to  lose  thdr 
force  at  the  same  time  as  the  wire  itself.  The  opposite  actxm 
of  the  opposite  sides  of  the  wire,  which  we  have  already  fbimd 
to  be  indicated  by  the  magnetic  needle,  is  manifiest  in  ttae 
permanent  effects. 

§  841.  These  magnetic  actions  are  capable  of  a  bigb 
degree  of  concentration  by  coiling  the  wire  in  such  a  way  as  to 
bring  many  portions  of  the  same  side  to  bear  upon  one  poiil 
Many  hundred  needles,  fastened  in  a  transverse  direction  upon 
the  under  part  of  the  conducting  wire,  would  instantly  h 
magnetized  to  the  same  amount,  and  in  the  same  direction;  W 
if  the  wire  be  twisted  in  the  manner  of  a  cork-screw,  so  aiiB 
form  a  hollow  spiral,  a  needle  placed  within  it  will  cross  it  oflj 
times  by  its  several  turns,  and  have  the  force  concentrated  qM* 
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t,  which  was  previously  diffused  over  the  whole  number  of 
leedles.  Such  a  spiral  conformation  is  denominated  a  A^/t>. 
t  will  be  obvious^  upon  a  little  reflection,  that,  accordingly 
I  the  circumvolutions  of  such  a  helix  are  directed  from  right 
>  left,  or  from  left  to  right,  or  in  the  manner  of  a  right-handed 
*  left-handed  screw,  the  upper  or  the  under  side  of  the 
iginally  horizontal  wire  will  be  turned  inwards,  and  the  direc- 
)n  of  the  accumulated  force  will  vary  accordingly.  To  prevent 
rect  communication  between  the  coils  of  the  wire  in  experi- 
enting  with  such  an  arrangement,  the  conducting  wire  should 
;  covered  with  silk ;  or  it  may  be  twisted  round  a  glass  tube, 
iiich  substances,  while  they  insulate  the  electric  forces,  are 
jdy  traversed  by  the  magnetic.  A  steel  needle  placed  in  the 
is  of  such  a  cyUnder,  becomes  instantly  and  permanently 
ignetic,  and,  as  its  two  poles  are  oppositely  acted  upon  by  the 
igle  force  of  the  one  side  of  the  wire  which  is  directed  upon 
it  will  place  itself  directly  in  the  centre,  where  alone  it  can 
!  in  a  state  of  equilibrium  between  the  attraction  and  repulsion 
lich  impel  it  in  contrary  directions.  When  disturbed  from 
b  position,  by  being  pushed  nearer  to  one  end,  the  forces 
lived  from  the  turns  of  the  wire  collectively  act  with  more 
vwer  upon  that  pole  which  is  nearest  to  the  middle  point  of 
e  axis.  They  will,  therefore,  prevail  over  those  that  urge  the 
ore  distant  pole  in  the  contrary  direction,  and  the  magnet  will 
I  brought  back  to  its  former  position  in  the  centre.  So 
iwerfulis  the  action  of  a  helix  of  this  description  (15^),  that,  if 
imall  steel  bar  be  placed  within  it,  and  supported  in  a  perpen- 
cular  position,  the  moment  the  connexion  is  made  with  the 


(152)  Let  p  n  represent  a  conducting  wire,  in  which  the  electrical 
ixrent  is  flowing  in  the  direction  of  the  large  dart,  and  the  small 
irti  will  then  exhibit  the  direction  of  the  magnetic  force. 

J" 

Fig.  2. 

ti  fig.  2,  the  same  wire,  p  n,  is  shown  coiled  in  a  spiral  form 
il^d  a  glass  tube,  and  it  is  seen  that  the  magnetism  tends  the  same 
9  in  each  convolution,  and  thus  acts  with  concentrated  energy  upon 
^  aeedle  n  #,  placed  in  the  axis  of  the  arrangement 

2  o  2 


664  ELECTRO-MAGNETIC  INDUCTION. 

voltaic  battery,  it  will  be  seen  to  start  up,  and  place  itself  in  tLe 
axis,  remaining  suspended  in  opposition  to  the  force  of  gravity. 
A  heavy  body,  thus  hanging  in  the  air,  without  any  visible 
support,  realizes  the  situation  of  the  iron  coffin  of  the  impostor 
Mahomet,  which  is  fabled  to  be  thus  balanced,  without  anj 
material  connexion  and  support,  between  two  loadstones. 

§  842.  It  will  now  be  understood  why,  in  describing  tk 
magnetic  effect  produced  by  the  discharge  of  the  Leyden  ^ppft- 
ratus,  this  form  of  the  helix  was  adopted  (§  386);  and  mtfae 
result  which  has  been  described  will  be  seen  the  confirmatk* 
of  the  opinion  that  the  electricity  of  the  common  electrial 
machine,  in  the  moment  of  its  discharge,  must  be  regarded  m 
in  the  same  current  state  as  that  of  the  voltaic  battery  (§  804). 
The  intensity  of  the  induced  magnetism  is  found  to  be  prop(f- 
tional  to  the  quantity  of  electricity  transmitted  through  a  wiie 
in  a  given  time,  whatever  the  source  of  that  electricity  may  b^ 
and  the  magnetizing  effects  are  produced  nearly  instantaneonslj. 
The  concentration  of  magnetic  action,  from  a  wire  conduct- 
ing a  current  of  electricity,  may  be  carried  still  further  by  piliig 
the  coils  of  the  helix  one  upon  another,  in  the  same  direction; 
five,  or  six,  or  more  layers  in  succession,  may  thus  be  com- 
pacted together,  and  each  will  add  to  the  effect.  No  limiti 
have  been  determined  to  this  accumulation,  provided  the  intOH 
sity  of  the  current  be  increased  in  proportion  to  the  increase! 
resistance  of  the  wire  by  the  impulse  of  a  battery  series.  Tl* 
effect  of  the  outer  coils  is  transmitted  without  any  diminutioa 
from  the  action  of  those  within ;  but  decreases  very  rapidly  wiA 
the  distance.  This  is  in  conformity  with  the  observation  whiA 
we  have  already  made  (§  389),  that  the  magnetic  force  ads 
indifferently  through  all  kinds  of  matter. 

§  843.  Electro-magnetic  induction  also  takes  place  tem* 
porarily  in  soft  iron,  and  a  very  powerful  magnet  may  bo 
obtained  by  bending  a  thick  cylinder  of  the  best  metal  into  the 
form  of  a  horse-shoe,  and  surrounding  it  with  a  coil  of  copptf 
wire,  covered  with  a  silk  or  other  non-conducting  materiiL 
When  the  current  of  a  moderate-sized  battery  is  transmitted 
through  the  wire,  the  iron  becomes  powerfully  magnetic,  and 
will  support  a  very  heavy  weight  by  means  of  a  keeper  appfied 
to  its  poles,  precisely  in  the  manner  of  a  common  h(»se-iboe 
magnet.     When  the  electric  circuit  is  broken,  «U  the  altnoln* 
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;  ceases^  and  the  weight  falls  to  the  ground.  If^  instead  of 
king  the  connexion  with  the  battery^  the  electric  poles  be 
iged  so  as  to  reverse  the  direction  of  the  current^  the  poles 
he  magnet  are  changed  with  the  utmost  rapidity.  The 
;ht  momentarily  separates  from  them^  but  is  instantly  again 
icted,  and  sustained  with  the  same  force  as  before.  These 
,*ts  are  much  increased  by  augmenting  the  number  of  coils 
n  the  iron,  without  extending  the  length  of  the  wire  (153). 
n  experiment  made  by  Professor  Henry,  of  the  United  States, 
orse-shoe  of  iron  was  wound  with  twenty-six  strands  of 
per  bell-wire,  covered  with  cotton-thread,  thirty-one  feet 
;;  about  eighteen  inches  of  the  ends  were  left  projecting,  so 

twenty-eight  feet  only  of  each  actually  surrounded  the 
.  The  whole  length  of  the  coil  was,  therefore,  728  feet. 
\\  strand  was  wound  on  a  little  less  than  an  inch ;  in  the 
He  of  the  horse-shoe  it  formed  three  thicknesses  of  wire, 
on  the  ends  it  was  wound  so  as  to  form  six  thicknesses. 
1  a  battery  of  five  feet  square,  this  electro-magnet  suspended 
\  pounds,  or  nearly  a  ton  weight, 
n  consequence  of  the  rapid  decrease  of  the  inductive  power 

the  distance  at  which  it  acts,  to  which  we  have  already 
rted  (§  392),  if  two  wires,  carrying  perfectly  equal  currents, 
coiled  with  an  equal  number  of  turns,  one  upon  another, 
d  similar  soft  iron  bars,  the  thinnest  will  have  incomparably 
greater  inductive  influence. 

§  844.  If  the  conducting  wire  of  the  battery,  instead  of 
g  coiled  into  a  hollow  helix,  be  bent  into  a  flat  spiral,  and 
Lttached  to  one  side  of  a  card,  through  which  the  central 

passes,  and  descend  in  a  straight  line 
;he  other  side,  the  opposite  surfaces  will 
ent  opposite  polarities,  and  the  arrange- 
t  will  imitate  the  effiects  of  a  magnet  whose 
s  might  be   supposed  to  be   situated  in 


53)  This  figure  represents  the  conducting  wire, 
of  a  voltaic  circuit,  covered  with  silk,  to  pre- 
metaJlic  contact,  wrapped  spirally  round  a  bar 
)ft  iron,  bent  into  the  form  of  a  horse-shoe, 
le  the  current  is  passing,  the  iron  is  converted 
iduction  from  the  wire  into  a  magnet  exactly 
abling  the  permanent  magnet  represented  in 
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the  centre  of  each  disc.  A  wire  of  this  form  will  odlM  i 
prodigious  quantity  of  iron  filinga,  which,  if  the  rings  ue  ntt 
continued  quite  to  the  centre,  will  arrange  themsdvei  in  tin 
passing  through  the  open  ring  parallel  to  the  axis,  and  dta 
closing  up  as  radii  round  the  centre  (154). 

SurAtce  magnets  of  very  great  power  may  be  conitnctgl 
upon  this  principle,  by  turning  a  spiral  groove  in  a  disc  of  nft 
iron,  and  coiling  the  insulated  conducting  wire  within  iL 

It  will  he  understood  tliat,  in  all  these  cases,  the  dirediai 
of  the  poles  of  the  arrangements  depends,  first,  upon  tlu 
direction  of  the  current  with  reference  to  the  axis  of  the  bdi^ 
and,  secondly,  upon  the  direction  of  the  circumvolutions  wliidh 
compose  it;  or,  in  other  words,  upon  the  position  of  the  t» 
ducting  wire  with  regard  to  the  generating  and  conductif 
metals  of  the  voltaic  combination,  and  upon  the  part,  nppB 
or  lower  as  the  case  may  be,  whose  action  is  conoentrated  kf 
the  spiral  folds. 

^  845.  We  must  now  return  to  a  more  particular  euiB- 
nation  of  the  action  of  the  single  wire  upon  the  magnetic  needle, 
which  is  not  of  the  simple  nature  which  at  first  appears,  bnt  wtiA 
was  analyzed  by  Dr.  Faraday  with  his  usual  abihty.  If  it  bt 
placed  in  a  perpendicular  position,  and  made  to  approach  tomidi 


(154)  The  annexed  figure  represents  the  conducting  wirecoimrcdi| 
the  zinc  and  copper  plates  z  and  c,  which  are  made  to  float  by  ■  vA 
in  a  basin  of  dilute  acid,  wound  into  a  flat  apinJ.  A  current  *)B 
then  circulate  in  the  direction  of  the  airows,  and  each  tide  of  Ai 
circle  will  have  the  opposite  pti^ertiB 
of  two  powerinJ  magnetic  poles.  Om 
end  of  a  magnet,  (n  t,}  presented  bod- 
zonlnlly  to  its  axis,  wilt  cause  the  rii| 
to  move  towards  it,  till  it  reaehci  iH 
centre,  where  it  will  rest  in  a  ilatetf 
equihbrium.  If  the  mi^et  be  wiA- 
drawn,  and  its  poles  reversed  and  {fit 
ring  being  held  in  its  first  pontioD)  it 
be  passed  half  way  through  the  ^^| 
the  latter,  when  loosed,  will,  aalM 
placed  exactly  in  the  centre,  ■■" 
towards  the  pole  which  is  neanrt  ts  'A 
and  when  cleat  of  the  magnet,  will  be  first  repelled,  and  that,  lniH( 
round,  will  be  attracted,  and  pass  again  over  the  pole,  asd  Ml  !■ 
equilibrio  at  its  centre. 
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one  pole  of  the  needle,  the  pole  will  nut  be  simply  attmcted  or 
repelled,  but  will  make  an  effort  to  pass  off  on  one  side,  in  a 
direction  dependent  upon  the  attractive  or  repulsive  power  of 
die  pole;  but  if  the  wire  be  continually  made  to  approach  the 
centre  of  motion  by  either  the  one  or  the  other  side  of  the 
needle,  the  tendency  to  move  in  the  former  direction  will  first 
diminish,  then  become  null,  and  ultimately  the  motion  will  be 
reversed,  and  the  needle  will  powerfully  endeavour  to  pass  in 
the  opposite  direction.  The  opposite  extremity  of  the  needle 
will  present  similar  phenomena  in  the  opposite  directions  (155). 
Dr.  Faraday  drew  the  conclusion  that  the  direction  of  the  forces 
was  tangential  to  the  circumference  of  the  wire;  that  the  pole 
of  the  needle  is  drawn  by  one  force,  not  in  the  direction  of  a 
radius  to  its  centre,  hut  in  that  of  a  line  touching  its  circum- 
ference ;  and  that  it  is  repelled  by  the  other  force  in  the  oppo- 
nte  direction.  In  this  manner,  the  northern  force  acted  all 
lonnd  the  wire  in  one  direction,  and  the  southern  in  the  oppo- 
site. Each  pole  of  the  needle,  in  short,  appeared  to  have  a 
tendency  to  revolve  round  the  wire  in  a  direction  opposite  to 
the  other,  and,  consequently,  the  wire  round  the  poles.  Each 
pole  has  the  power  of  acting  upon  the  wire  by  itself,  and  not  as 
connected  with  the  opposite  pole,  and  the  apparent  attractions 
and  repulsions  are  merely  exhibitions  of  the  revolving  motions 
in  diflbrent  parts  of  their  circles. 

I  846.  The  needle,  in  its  usual  mode  of  suspension,  in 
which  the  two  poles  which  are  oppositely  impelled  are  both 
■objected  to  the  action  of  the  same  part  of  the  wire  at  the  same 
time,  cannot,  of  course,  exhibit  these  rotatory  motions ;  it  rests 
in  a  state  of  equilibrium  between  the  two  forces  across  the  wire; 
but  by  ingeniously  limiting  the  action  of  the  electricity  to  one 


(Ififi)  This  figure  represents  horizontal  sections  of  the  conducting 
■in  IB  different  pocitions  with  regard  to  the  needle,  s  h,  balanced  in 


They  are  marked  a  or  a,  according  as  they  appMi  ^ 
er  repel  th«  adjaeeat  poles  ■  and  v;  and  the  arrow  beads  iadi- 
'    direction  of  &a  oiniulai  motions  wfaioh  woall  iwolt  if  tha 
beinsslatBd. 
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pole^  Dr.  Faraday  succeeded  in  producing  the  actual  rotation  oi 
the  pole  about  the  wire,  and  of  the  wire  about  the  pole.  He 
immersed  a  small  magnet,  perpendicularly^  in  mercury,  otm- 
fining  its  lower  end  to  the  bottom  of  the  vessel  in  which  it  vv 
contained ;  it  thus  floated,  almost  vertically,  with  one  pole  above 
the  surface :  a  wire  was  then  fixed,  perpendicularly,  so  as  just  to 
touch  the  mercury  in  the  neighbourhood  of  the  pole,  and  when 
a  current  of  electricity  was  transmitted  through  the  wire  from  a 
voltaic  circuit,  the  pole  immediately  began  to  rotate  about  the 
wire.  TThe  direction  of  the  rotation  depended  upon  tlie  mutd 
relation  of  the  pole  and  cxirrent.  When  the  current  from  the 
zinc  to  the  copper  descended  the  wire,  the  marked  pole  rotated 
from  left  to  right;  the  unmarked  pole  from  right  to  left;  ind 
when  the  current  was  reversed,  the  rotation  was  changed  (156). 


(156)  The  following  figures  represent  the  apparatus  by  which  tke 
rotation  of  the  pole  of  a  magnet  round  the  conducting  wire,  and  tlie 
corresponding  rotation  of  the  wire  round  the  fixed  pole,  maj  be 
exhibited. 


Fig.  1. 


^ 


Fig.  2. 


Fig.   1,    ABC  represents  a   stand,  to  the  perpendicular  jwt 

of  >vhich,  B  c,  is  attached  a  horizontal  arm,  a  c,  above;  and  belov 

another  horizontal  arm  terminating  in  a  wooden  ring,  b  c  d^  hollowed 

out  for  the  reception  of  some  mercury.    //  g  represent  two  bar  m^ 

nets  united  together  by  their  similar  poles  at  g,  where  they  reat  opoa 

a  pivot.     At  the  centre  of  each  of  the  magnets  is  a  small  metallie 

hook  dipping  into  the  ring  of  mercury,  bed,  which  admits  of  the 

revolution  of  the  compound  magnet.     To  the  horizontal  arm,  a  c^  ii 

fixed  a  perpendicular  wire,  a  6,  in  metallic  communication  with  tk 

mercury.     The  apparatus  is  made  to  communicate  with  the  btttoy 

by  the  mercury  cups,  a  and  e.     When  the  current  paaaet  thimyk 
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n  once  the  principle  had  been  illustrated  the  suspension  of 
magnet  and  needle  were  varied  by  different  experimenters 
any  different  ways :  and  even  the  thermo-electric  currents 
ed  in  two  parallelograms  of  silver  and  platinum  wires,  fixed 
is  each  other,  and  heated,  at  the  points  of  junction  of  the 
metals,  by  a  spirit  lamp,  were  made  to  rotate  under  the 
ence  of  a  magnetic  pole. 

§  847-  When  the  electrical  current  is  made  to  descend 
ugh  the  upper  half  of  the  magnet  itself,  delicately  resting 
[1  a  point,  so  as  to  act  exclusively  on  the  pole  which  is 
ited  in  that  half,  and  is  then  diverted  from  the  lower  half, 
ch  may  be  effected  by  copper  wires  projecting  from  the 
:re  and  one  end,  and  dipping  into  circular  grooves  filled  with 
cury,  the  magnet  will  rotate  with  considerable  velocity  upon 
ixis. 

§  848.  The  influence  of  the  pole  of  a  magnet  upon  elec- 
al  currents  may  be  exemplified  by  liquid  as  well  as  by  solid 
ductors.  By  immersing  the  two  electrodes  of  a  voltaic 
tery  into  mercury  contained  in  a  shallow  basin,  a  magnet, 
1  either  above  or  below  the  line  of  communication,  will 
se  the  mercury  to  revolve  round  the  points  from  which 
currents  diverge.  Even  the  flame  which  is  produced  by 
continuous  discharge  of  a  powerful  voltaic  battery  between 
•  charcoal  points,  is  obedient  to  the  same  laws;  for  Sir 
mphry  Davy  found  that  the  arched  stream  of  light,  pro- 
ed  by  a  battery  of  2000  plates,  was  thrown  into  a  rapid 
itory  mation  by  the  action  of  the  pole  of  a  magnet  placed 
r  it.  A  very  pleasing  way  of  showing  this  effect  is  to  make 
)werful  horse-shoe  magnet  part  of  the  conducting  wire  of  a 
stant  battery  of  a  moderate   number  of  cells;  the  flame. 


c,  it  acts  upon  the  two  similar  poles  of  the  msignetSy  J'J'y  which 
lediately  began  to  rotate. 

Pig.  2,  A  B  c  D  is  a  stand,  carrying  a  circular  mercury  cup,  6  c  dy 
an  upright  magnet  in  its  centre,  a  6,  terminating  also  in  an  insu- 
1  mercury  cup,^I  A  parallelogram  of  wire,  a  k  g^  is  freely  sus- 
led  upon  a  pivot  at  a,  and  its  two  ends,  c  <i,  are  hooked  in  such  a 
as  to  dip  into  the  ring  of  mercury,  which  admits  of  its  i^e  rota- 
The  commimications  with  the  battery  are  made  at  e  and^^  and 
current  passing  up  one  side  of  the  parallelogram  and  down  the 
r  causes  it  to  rotate. 
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which  may  then  be  drawn  from  one  of  its  poles,  will  rotate  in 
one  direction,  and  that  from  the  other  in  the  opposite. 

§  849.  The  current  of  electricity,  which  passes  through 
the  cells  of  the  voltaic  battery  itself,  exhibits  the  same  dectro- 
magnetic  properties  as  those  in  the  conducting  wire,  and  i 
needle  is  affected  by  it  in  the  same  way.  If  a  double  cylinder 
of  copper,  of  about  two  and  a-half  inches  diameter,  and  of  the 
same  height,  closed  at  the  bottom,  so  as  to  be  capable  d 
holding  dilute  acid,  be  supported  by  an  arch  of  copper  upon  i 
point  resting  upon  one  end  of  a  perpendicular  magnet,  and 
if  a  cylinder  of  zinc,  lightly  constructed,  and  dipping  into  the 
cell,  be  supported  by  another  point  upon  the  top  of  the  former, 
both  cylinders  will  freely  turn  upon  their  points.  The  two 
together  will  constitute  a  single  cell  of  a  voltaic  battery,  and 
when  filled  with  acid,  an  electric  current  will  pass  from  the 
zinc  to  the  acid,  and  will  ascend  from  the  copper  through  the 
pivot  hack  again  to  the  zinc.  The  zinc,  therefore,  is  indie 
condition  of  a  conductor,  conveying  a  stream  of  electridtf 
downwards,  and  will,  consequently,  revolve  under  the  influeooe 
of  the  magnetic  pole  which  it  surrounds.  The  copper  cylinder, 
on  the  contrary,  is  in  the  situation  of  a  conductor  conveying  a 
current  upwards,  and  will  revolve  in  the  contrary  direction. 

§  850<  Such  a  circumferential  action  arising  from  the 
tangential  direction  of  two  opposite  forces  was  wholly  unknown 
to  the  time  of  Dr.  Faraday^s  discovery.  All  other  known  forcci 
emanating  from  a  point  and  exerted  upon  another  point,  act  m 
the  direction  of  a  line  joining  these  two  points;  and  sudi  b 
the  case  with  the  electric  and  magnetic  actions  considered  as 
unconnected. 

§  851.  Another  general  fact  was  ascertained  by  M.  Am- 
pere soon  after  the  discovery  of  CErsted,  which  tends  to  simplify 
the  problem  by  rendering  the  hypothesis  probable  that  magnetic 
action  is,  in  all  cases,  referrible  to  current  electricity.  When 
two  conducting  wires  are  suspended  in  such  a  way  as  to  be 
capable  of  moving  either  towards  or  from  each  other  at  the  time 
that  electric  currents  are  passing  through  them,  they  mutually 
attract  or  repel  one  another,  according  as  the  currents  arc 
moving  in  the  same  or  in  opposite  directions.  It  does  nol 
matter  whether  the  currents  be  derived  from  the  same  battery 
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or  from  two;  when  they  flow  in  the  same  direction  they  will 
manifest  a  mutual  attraction,  when  in  opposite  directions  a 
mutual  repulsion  (157).  This  action  is  variously  modified  when 
the  relative  inclinations  and  positions  of  the  currents  are 
varied. 

When  a  slender  steel  wire  is  coiled  into  a  helix,  and  placed 
in  the  voltaic  circuit,  it  will  instantly  shorten  itself,  whenever 
a  current  is  sent  through  it,  owing  to  this  mutual  action  of  the 
different  rings  of  the  coil  through  which  the  current  passes  in 
the  same  direction,  and  it  will  recover  its  former  dimensions, 
from  its  elasticity,  the  moment  the  current  ceases. 

§  852.  M.  Ampere  assumes  the  mutual  attractions  and 
repulsions  of  electric  currents  as  the  fundamental  fact  to  which, 
by  the  help  of  a  particular  hypothesis  respecting  the  consti- 
tution of  magnets,  all  the  other  facts,  not  only  of  electro- 
magnetism  but  of  magnetism  also,  are  reducible.  He  supposes 
that  all  bodies  possessing  magnetic  properties,  including  the 
fiarth  itself,  derive  those  properties  from  currents  of  electricity 
continually  circulating  among  the  particles  of  which  they  are 
composed,  and  having,  with  relation  to  the  axes  of  these  bodies, 
a  miiform  direction  of  revolution,  in  planes  perpendicular  to 
those  axes.  We  have  already  seen  (§  844,)  that  the  action  of 
conducting  wires,  rolled  into  the  form  of  a  flat  spiral,  produces 


(157)  Let  c  D  be  an  extended  current  passing  from  c  to  D,  and 
Ae  upper  lines  represent  various  positions  of  terminated  currents  or 
do«ed  circuits,  such  as  are  presumed  to  exist  around  each  particle  of 
the  magnet  itself,  of  which  the  directions  are  marked  by  the  terminal 

^npows.  The  dotted  arrows  will  then  point  out  the  directions  of  the 
J*«ulting  motions.  It  will  be  seen  that  when  the  terminated  current 
^/nwn  the  line  of  the  extended  current  it  is  urged  to  move  in  the  same 
^^tion;  but  when  its  current  is  towards  the  extended  current  it  is 
^ed  to  move  in  the  contrary  direction. 

It  will  at  once  be  perceived  that  if             ^         ""^X 
^  motion  of  the  terminated  current  were            X                   ^ 
'••Wcted  to  rotation  round  an  axis  at  one          /             a             \ 
^  its  extremities,  as  shown  in  the  an-          [             ?             / 
''•^ed  figure,  the  action  of  the  current,          \s        ^1            / 
^  ^'^  would  carry  the  terminated  current,            \        1         > 
1  ^  round  the  whole   circumference  of                *"--X-''' 
'*«  ci«le.  ^ ^  " 
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on  one  side  the  effects  of  a  marked  pole,  and  on  the  other  of  in 
unmarked  pole  of  a  magnet.  The  action  of  a  helix  at  ib  tvo 
extremities,  and  at  some  distance  beyond  them,  is  similar;  wd 
if  the  two  ends  of  the  wire  which  has  formed  the  heUx,  be  beat 
back  so  as  to  return  in  a  stnught  course  along  the  axis  till  tbef 
arrive  at  the  middle  point,  where  they  are  again  bent  at  f^ 
angles,  so  as  to  pass  out  between  the  coils,  it  may  be  frec^ 
suspended  in  various  ways,  and  will  completely  imitate  i 
magnetic  cylinder.  Such  an  electro-dynamic  cylinder,  u  U> 
Ampere  has  named  it,  may  be  substituted  in  almost  every  foim 
of  experiment  for  a  magnet,  whose  properties  it  will  posio 
only  so  long  as  a  current  of  Toltaic  electricity  is  transmitted 
through  it  (158). 

§  853.  We  formerly  (§  410)  referred  to  the  hypotheni 
of  magnelic  elemenU,  which  was  adopted  to  account  for  tht 
phenomena  attending  the  fracture  of  a  magnet,  and  which  con- 
sidered each  particle  of  magnetized  iron  as  a  separate  magnet; 
in  like  manner  M.  Ampere's  hypothesis  regards  the  elediir 
currents,  to  which  a  magnet  owes  its  properties,  as  circulating 
round  each  constituent  particle,  all  of  which  moving  in  ttie 
same  direction  will  produce  a  combined  effect  which  is  eqnin- 
lent  to  that  of  a  circular  current  flowing  uniformly  round  tilt 
circumference.  If  we  regard  a  needle  with  its  marked  nJ 
pointing  to  the  north,  dien  the  voltaic  currents  would  ascend  w 
the  western  side,  pass  from  west  to  east  in  the  upper  suifcrt, 
and  descend  on  tlie  eastern  side:  they  would  circulate,  thatii, 
in  a  direction  contrary  to  that  of  the  currenta  which  are  sup- 
posed to  produce  the  magnetism  of  the  earth. 


(158)  Such  an  electro-dynamic  cylinder  is  here  reprMenled;  iti 
^         ~  ends,  after  returning  through  lit 

'  coil,  n  «,  are  attached  to  i1k 
wires,  n  p,  of  a  small  voltaic  ffl- 
cuit,  consisting  of  a  plate  of  bk, 
surroanded  by  a  plate  of  copfcr, 
and  floating  in  a  ba^n  of  dilfU 
acid,  in  which  it  is  fne  to  own. 
Such  a  Bpiral  will  apontaneoadf 
place  itself  in  the  magnelic  me- 
ridian under  the  infiuenceof  ik 
earth's  magnetism,  and  will  W 
obedient  to  another  migMt 
brought  to  either  of  its  pelet. 
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§  854.  The  principal  effects  of  terrestrial  magnetism  may 
t)e  imitated  by  distributing  a  wire  round  the  surface  of  an  arti- 
ficial globe  in  a  spiral  direction  from  the  equator  to  the  poles, 
the  two  extremities  being  turned  inwards,  and  brought  out  at 
the  two  axes  by  which  the  connexion  may  be  made  with  the 
battery.  A  magnetic  needle  properly  suspended  in  different 
situations  near  such  a  globe,  wiH  arrange  itself  in  positions 
perfectly  analogous  to  those  actually  assumed  by  the  dipping 
needle  in  corresponding  regions  of  the  earth. 

The  origin  of  the  currents  which  must,  upon  Ampere's 
theory,  circulate  in  the  globe  from  east  to  west,  in  planes 
parallel  to  the  magnetic  equator,  may  possibly  be  found  in  the 
action  of  the  solar  rays  on  successive  parts  of  the  torrid  zone^ 
producing  thermo-electric  cxirrents  in  that  direction. 

§855.  The  tendency  which  a  magnet  and .  conducting 
wire  have  to  place  themselves  at  right  angles  to  one  another, 
follows  from  the  same  hypothesis,  and  may  be  ascribed  to  the 
tendency  of  the  transverse  currents  in  the  magnet  itself  and  in 
the  conductor  to  establish  a  parallelism  between  them  (159). 

The  phenomena  of  revolving  motions  produced  by  the 
l:angential  force  are  also  easily  explained  upon  the  same  prin-* 
ciples;  but  we  must  content  ourselves  with  this  brief  indication 
of  a  theory  which  has  conferred  immortal  honour  upon  its 
inventor. 


§  856.  A  continued  rotation  of  a  different  kind  from 
those  which  we  have  been  hitherto  considering,  may  be  pro- 
duced in  a  spur-wheel,  suspended  perpendicularly  between  the 
two  poles  of  a  horse-shoe  magnet,  when  a  voltaic  current  is 
transmitted  along  its  radius  by  means  of  some  mercury  in  a 
groove,  into  which  the  wheel  is  made  to  dip  to  allow  of  freedom 


(159)  Since  the  electrical  currents  in 
the  magnet,  n  s,  must  move  in  planes  per- 
pendicular to  the  axis  of  the  magnet,  their 
magnetic  action  is  transverse  to  the  axis, 
and  tends  to  bring  a  straight  conducting 
wire,  P  %  into  the  transverse  position 
represented  in  the  annexed  figure.  When 
in  this  relative  position,  as  the  adjacent 
currents  move  in  the  same  direction  thej 
irill  attract  each  other. 
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of  motion.  If  a  inere  wire,  conducting  a  current,  be  suspended 
in  the  same  situation,  it  will  be  attracted  or  repelled  according 
to  the  direction  of  the  current,  the  opposite  poles,  acting  upon 
opposite  sides  of  the  wire,  concurring  to  give  it  the  same  direc- 
tion. In  either  case  it  will  be  thrown  out  of  the  mercury,  and 
the  circuit  being  thereby  broken,  the  effect  will  cease  till  die 
wire  falls  back  by  its  own  weight  and  restores  the  connexion. 
The  current  will  then  be  re-established,  and  the  same  influence 
again  exerted.  If  the  wire  terminate  in  a  spur-wheel,  dipping 
by  its  radii  into  the  mercury,  as  one  radius  is  thrown  out  of  the 
mercury,  another  will  enter  it,  and  the  wheel  will  revolve  with 
great  rapidity.  It  is  not  even  necessary  to  divide  the  wheel 
into  rays  in  order  to  produce  the  effect:  for  a  circular  metallic 
disc  will  revolve  equally  well,  when  it  is  traversed  by  an  de^ 
trical  current  passing  into  mercury  between  the  poles  of  the 
magnet. 

§  857.  The  voltaic  current  may  be  influenced  by  the 
earth's  magnetism  precisely  in  the  same  way  as  by  a  pemiancDt 
magnet,  or  an  electro-dynamic  cylinder,  and  wires  delicately 
suspended  have  been  made  to  exhibit  all  the  phenomena  d 
attraction,  repulsion,  direction,  and  rotation,  by  its  action, 
although  but  feeble. 
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§  858.  The  knowledge  of  these  curious  rotations  com- 
bined with  that  of  the  enormous  powers  of  attraction  which  are 
capable  of  being  developed  by  electro-magnets,  early  stimulated 
the  activity  of  the  speculators  in  mechanical  force  and  loco- 
motive machines;  and  nothing  less  has  been  dreamt  of  by  some 
than  the  suppression  of  steam  as  a  generator  of  mechanic 
power.  An  immense  amount  of  ingenuity  has  been  expended 
in  the  construction  of  engines  and  machines  with  this  view; 
some  of  which  have  assumed  a  most  promising  form  till  a  strict 
inquiry  in  an  economical  point  of  view  has  dispelled  the  illusioB 
which  they  were  calculated  at  first  to  produce.  In  viewing  fl» 
enormous  weight  which  may  be  suspended  from  soft  iron  fcf 
a  very  small  expenditure  of  chemical  force,  the  rapid  diminntioo 
of  the  inductive  force  with  the  distance  which  can  alone  render 
it  available  as  a  motive  power  has  very  often  been  lost  s^t  ot 
In  this  respect  the  attraction  between  soft  iron  and  a  imign^ 
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re  resembles  cohesion  than  any  other  force;  but  still  there  is 
esidoal  power  at  a  distance  which  may  be  applied  to  very 
liable  purposes. 

One  of  the  most  ingenious  models  of  an  electro-magnetic 
pne  is  that  of  Professor  Wheatstone,  who  has  introduced  a 
w  principle  in  the  construction  of  electro-magnetic  engines. 

electro-magnetic  engines  as  usually  constructed  the  acting 
-feces  of  the  electro-magnets  and  those  of  the  armatures  are 
two  concentric  circles;  one  of  which  is  fixed  and  the  other 
motion.  In  Mr.  Wheatstone's  engines  the  acting  surfaces  of 
;  armatures  are  not  concentric  with  those  of  the  magnets,  hut 
■m  portions  of  circles  eccentric  to  that  in  which  the  magnets 
;  placed.  By  this  modification  the  armatures  are  constantly, 
ring  the  existence  of  the  attraction,  in  presence  of  the 
^ets,  and  in  very  close  proximity  with  them,  whereby  the 
ition  is  rendered  more  energetic  and  less  abrupt.  The  figure 
low  (160)  represents  an  engine  on  this  principle,  in  which 


(160)  The  following  figure  repregents  this  electro- magnetic 
^nc.  a  a  is  the  axis  of  motion  of  the  engine;  a  crank  fixed  to  this 
a  carries  at  its  other  extremity  the  centre  of  a  wheel,  the  circum- 
Ence  of  which  consists  of  a  broad  ring  of  soft  iron.  Eight  double 
inch  electro-magnets,  1,  2,  3,  &c.,  are  placed  bo  that  their  poles  ore 
BQged  in  a  circle  concentric  with  the  axis  a,  and  consequently 
entric  to  the  wheel;  the  magnets  are  placed  equally  distant  from 


b  other,  and  the  opposite  poles  of  each  are  situated  so  that  the  line 
ung  tbem  is  parallel  to  the  axis  a.  dd  isa  ring  of  brass  or  copper 
vhich  is  attached  all  the  corresponding  ends  of  the  insulated  wires 
the  electro-magnets,  while  the  other  ends,  e  e,  of  the  wires  are 
iched  each  to  a  spring  t,  insulated  from  every  other  metallic  part 
the  engine,  o  z  are  two  wires  which  proceed  to  the  two  ends  of  a 
tie  battery;  c  is  attached  to  the  metal  ring  d,  and  z  is  connected 
li  any  metallic  part  of  the  engine  baring  an  immediate  conducttng 
'a  with  the  axis  a.     Supposing  the  wires  o  z  to  be  con- 


576  APPLICATIONS  OF 

eight  electro-magnets,  acting  separately  in  succession,  and  one 
eccentric  armature  is  employed;  Mr.  Wheatstone  has  ooa- 
structed  another  model,  which  produces  the  same  effect,  in 
which  two  magnets  acting  alternately  and  four  eccentric  arma- 
tures are  employed;  he  is  now  constructing  an  engine  of  much 
greater  power,  which  will  consist  of  eight  electro-magnets  and 
four  eccentric  armatures,  and  which  will  have,  in  the  same  spare, 
four  times  the  power  of  either  of  the  preceding  arrangements. 

§  859.  But  the  applications  which  Professor  Whea^ 
stone  has  made  of  the  almost  instantaneous  transmission  of 
this  wonderful  power  to  unlimited  distahces  to  telegraphic  paF 
poses  are  far  more  perfect,  ingenious,  and  practically  uaeM 
than  any  thing  which  has  yet  been  contrived  for  the  conces- 
trated  action  of  the  force.  Like  the  daguerrrotype  and  the 
voltatj^je  they  have  sprung  from  scientific  principles  at  oae 
leap  to  perfection.  It  is  not  difficult  to  foresee  that  tiieiQ 
modes  of  distant  communication  will  rank  ere  long  amoi^ 
the  necessary  conveniences  of  a  highly-civilized  commiinitj* 
Professor  Wheatstone,  in  conjunction  with  Mr.  Cooke,  has  takai 
out  patents  for  these  valuable  inventions,  and  under  the  supo- 
intendence  of  the  latter  gentleman  a  telegraphic  line  of  14  mikf 
has  already  been  laid  down  upon  the  Great  Western  Railroad. 
Ingenious  as  Professor  Wheatstone's  contrivances  are,  they 
would  have  been  of  no  avail  for  telegraphic  purposes  without 
the  investigation  which  he  was  the  first  to  make  of  the  laws  of 
electro-magnets  when  acted  on  through  great  lengths  of  wiiei 
Electro-magnets  of  the  greatest  power,  even  when  the  mo* 
energetic  batteries  are  employed,  utterly  cease  to  act  when  tkey 
are  connected  by  considerable  lengths  of  wire  with  the  batterfi 
and  the  apparent  hopelessness  of  immediately  employing  theia 


nected  with  the  battery  at  the  instant  the  eccentric  wheel  is  in  the  por- 
tion represented  in  the  figure,  then  because  its  circumference  prcaei 
against  the  spring  s  6,  the  current  will  pass  through  the  electro-magacl 
6,  and  the  circumference  of  the  wheel  will  be  attracted  until  it  etm^ 
nearly  in  contact  with  it;  at  this  instant  the  circumfeience  will  hm 
against  the  spring  s5  quitting  the  spring  s  6,  and  the  current  will  there- 
fore be  transferred  to  the  wire  of  the  electro-magnet,  5,  and  ia  « 
similar  manner  the  current  will  be  successively  transferred  thioick 
^l  the  eight  electro-magnets,  and  the  revolution  of  the  axis  a  be  eor 
tinned  so  long  as  the  electric  current  produced  by  the  batteiyooatinif 
to  act.  In  the  drawing  the  eccentricity  of  the  moving  wheel  is  em' 
aiderably  exaggerated. 
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>r  tel^raphic  communications  induced  him  at  lirst  to  have 
icourse  to  secondary  means  of  bringing  their  attractive  power 
ito  action,  which  were  attended  with  many  inconveniences. 
[e  is  at  present,  however,  enabled  to  work  the  instrument 
KHit  to  be  described  through  circuits  of  many  miles  in  extent 
f  batteries  of  very  inconsiderable  dimensions. 

§  860.  The  battery  which  Professor  Wheatstone  generally 
nploys  is  a  slight  modification  of  the  constant  battery.  Each 
ement  consists  of  a  porcelain  cell,  two  inches  square  and  one 
ch  and  a  half  high,  in  the  centre  of  which  is  placed  a  small 
)rous  cylinder,  one  inch  in  diameter,  filled  with  a  liquid 
D&lgam  of  zinc,  the  space  between  the  porcelain  and  porous 
&  being  charged  with  a  solution  of  sulphate  of  copper;  a 
\f  of  thin  sheet  copper  bent  round,  and  having  one  of  its 
\g»  cut  and  turned  over  to  dip  into  the  mercury  of  the  next 
sD,  is  placed  in  the  solution.  A  battery  formed  of  half  a  dozen 
lements  of  such  inconsiderable  dimensions  is  sufficient  to  work 
le  tel^raph  through  a  circuit  of  several  miles  in  length.  For 
mger  distances  a  greater  number  is  required,  but  it  is  never 
ecessary  to  have  them  larger ;  this  arises  from  the  size  of  the 
lements  merely  affecting  the  resistance  of  the  circuit,  whilst  the 
umber  affects  the  electromotive  force. 

§  861.  It  would  be  impossible  here  to  enter  at  any  length 
ito  the  investigations  which  have  led  Professor  Wheatstone  to 
iiese  valuable  practical  'consequences ;  they  are  founded  upon 
^hm's  theory  of  the  voltaic  circuit,  and  the  following  are  the 
nndpal  results. 

The  energy  with  which  an  electro-magnet  acts  depends  upon 
iree  circumstances :  it  is  directly  as  the  electromotive  force ; 
versely  as  the  resistances  in  the  circuit ;  and  directly  as  the 
imber  of  coils  which  surround  the  soft-iron  bars.  Hence,  on 
creasing  the  number  of  coils  of  an  electro-magnet  the  effect 
proportionately  augmented  in;  but  it  is  also  diminished- 
consequence  of  the  additional  resistance  arising  from  the 
creased  length  of  the  wire.  When  the  resistance  in  the 
her  parts  of  the  circuit  is  small,  increasing  the  number  of 
Ills  adds  more  to  the  total  resistance  than  it  multiplies  the 
BMst  of  the  current  on  the  electro-magnet,  and  the  result  is  a 
ininished  action ;  whereas,  when  the  other  resistances  are  very 
msiderable,  as  is  obviously  the  case  when  several  miles  of  wire 
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are  employed  to  form  the  communicatioii,  when  additioDil  coih 
are  wound  round  the  magnet,  the  added  resistance  fonoin;  i 
very  inconsiderable  part  of  the  total  resistance,  diminbhes  die 
effect  in  a  very  trifling  degree,  while,  on  the  other  hand,  tlii 
effect  is  greatly  augmented  by  the  multiplying  action  o(  Ac 
coils.  Hence  the  paradoxical  result  that  the  very  drcumitum 
which  diminish  the  effect  of  an  electro-magnet  in  a  short  ciiwl 
greatly  increase  that  of  one  in  a  circuit  of  very  considenUi 
length.  Professor  WheatstoaA 
electro-magnets  are,  in  confona^ 
with  these  rules,  of  very  smill  di- 
mensions, and  wound  rooDd  vift 
very  considerable  lengths  oi  im 
insulated  wire,  and  the  lengA  m1 
thinness  of  the  wire  is  propt^ 
tionally  increased  according  to  it 
distances  through  which  tbc  is- 
stnunents  have  to  work,  f^ 
wire  is  employed  because,  thi^ 
the  resistance  is  increased  tlicnl^  j 
this  disadvantage  ia,  when ^<^; 
resistances  are  very  great,  &r  pdM 
than  counterbalanced  by  the  idt 
tional  number  of  coils  which  occ^ 
a  given  space. 


(161) 


The  annexed  moMi 
thongh  it  Kf^ 
sents  nuthsAt 
most  effictolMi 
the  most  coa[lit 
form  of  Prnft** 
\ ,  Wheatrtoirf"  *•• 
stnuneDtii  t* 
been  piefenc'* 
affonUng  m  • 
planatioB  of  i> 
general  fBaaj^ 
of  the  inw*" 
in  a  more  ■■!■ 
fray,  and  win  V 
reference  Is  4* 


woolded*- 
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§  862.  The  knowledge  of  these  facts  has  enabled  Professor 
heatstone  not  only  to  construct  efficient  telegraphs  acting  by 


w  w  is  an  electro-magnet,  consisting  of  two  soft  iron  cylinders 
o  inches  long,  and  half  an  inch  in  diameter,  round  which  is  coiled  a 
asiderable  quantity  of  fine  copper  wire  covered  with  silk,  the 
tremities  of  which  wire  are  connected  with  the  communicating 
res  V  T^,  which  proceed  from  station  to  station  of  the  telegraphic 
e.  When  an  electric  current  is  transmitted  through  the  communi- 
dng  wires,  the  soft  iron  cylinders  become  magnetic  and  attract  the 
nature,  a,  but  immediately  the  current  is  discontinued  the  attniction 
ises,  and  the  armature  recedes  in  consequence  of  the  reaction  of  the 
ring,  m.  By  alternately  making  and  breaking  the  circuit,  therefore, 
B  armature  is  caused  to  move  backwards  and  forwards.  This  alter- 
le  motion  in  opposite  directions  is  converted  into  an  intermitting 
icolar  motion  in  a  single  direction  by  means  of  the  drivers  c  and  d; 
e  driver  d  pulling  the  tooth  of  the  wheel  6,  when  the  attraction 
kes  place,  and  c  pushing  it  when  the  attraction  ceases  and  the 
*riog  m  is  allowed  to  re-act,  so  that  the  wheel  6,  and  consequently 
le  paper  disc  or  dial,  advances  a  step  whenever  the  attraction  either 
;tt  or  ceases.  On  the  circumference  of  the  dial  the  letters  of  the 
ipfaabet  are  placed,  and  the  number  of  these  characters  must  obvi- 
11I7  be  double  the  number  of  teeth  in  the  wheel;  in  the  present 
tttance  twenty-four  are  represented.  The  instrument  is  inclosed  in  a 
MCi  (not  shown  in  the  drawing,)  and  a  brass  plate,  (also  omitted,) 
heed  immediately  before  the  dial,  has  a  small  aperture  cut  in  it,  which 
Dows  a  single  character  only  to  be  seen  at  a  time ;  any  required  letter 
uij  be  brought  to  this  aperture  by  disconnecting  and  completing  the 
irenit  a  corresponding  number  of  times.  This  part  of  the  telegraphic 
pparatus  may  be  called  the  indicator;  another  equally  essential  part, 
be  communicator,  remains  to  be  described. 

The  communicator  consists  of  a  brass  circle  moving  freely  in  con- 
Mt  with  a  brass  pillar, /;  the  circumference  of  this  circle  has  twelve 
<Mehes  cut  into  it,  which  are  filled  with  pieces  of  ivory  or  hard  wood, 
'  that  it  presents  equal  alternations  of  a  conducting  and  a  non- 
Midiicting  substance.  Against  this  circumference  a  spring  g  presses, 
^  another  spring  k  bears  against  an  ivory  ring,  which  has  one  piece 
^hiss  on  its  circumference  in  metallic  contact  with  the  circle.  The 
^  binding  screws  are  connected  by  short  wires,  1  with  2,  2  with 
^  spring  A*,  3  with  the  pillar ^^  and  4  with  the  spring  g.  The  two 
ires  of  the  battery,  z  c,  are  connected  with  the  binding  screws,  1  and 
and  the  communicating  wires  with  2  and  3.  The  upper  surface  of 
t  circle  is  marked  with  characters  corresponding  with  those  of  the 
d,  and  24  radial  pins  provided  for  the  convenience  of  turning 
with  the  finger,  and  a  stop,  #,  is  placed  in  order  that  the  fingei^ 
)lied  to  any  one  of  the  spokes  shall  not  turn  the  circle  beyond  a 
tain  point. 

When  everything  is  at  rest,  and  the  mark  +  is  opposite  the  stop 

2  p  2 
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electro-magnets,  but  to  dispense  with  the  secondary  maun 
which  he  formerly  thought  necessary  to  produce  certain  effecb^ 
such  as  to  make  a  bell  ring,  &c.,  which  he  is  now  able  to  effect 
by  the  direct  action  of  the  current.  Each  telegraphic  appantm 
is  provided  with  such  a  bell  or  alarm,  which  is  rung  by  tk 
operator  to  call  the  attention  of  his  correspondent ;  the  carrenl 
transmitted  through  the  same  circuit  both  rings  the  bdl  and 
works  the  telegraph. 

§  863.  We  can  only  further  briefly  allude  to  two  of  tk 
most  important  modifications  of  his  invention  which  Profeaor 
Wheatstone  has  made  for  specific  purposes.  1 .  By  subsdtatiBg 
for  the  paper  disc  on  the  circumference  of  which  the  letters  m 
printed  a  thin  disc  of  brass  cut  from  the  circumference  to  tic 
centre,  so  as  to  form  four-and-twenty  springs,  on  the  extrenri- 
ties  of  which  types  or  punches  are  placed,  and  adding  a  wt- 
chanism  the  detent  of  which,  acted  on  by  an  electro-magneti 
causes  a  hammer  to  strike  the  punch  against  a  cylinder,  rooad 


Sy  the  spring  g  rests  against  a  conducting  division  of  the  circamfenaBi 
of  the  circle,  and  the  spring  k  on  the  single  piece  of  brass  on  the  imj 
circle.  By  this  disposition  the  battery  is  cut  off  from  the  cirni^ 
whilst  the  circuit  itself  remains  completed,  in  order  that  no  impeC- 
ment  shall  exist  to  a  communication  being  made,  through  the  MM 
wires,  from  the  other  extremity  of  the  telegraphic  line.  On  tanatt 
the  circle  the  spring  g  passes  alternately  over  conducting  and  aoa- 
conducting  divisions,  and  the  circuit  is  correspondingly  completed  aal 
interrupted.  The  proper  adjustments  being  made,  whenever  a  ktttf 
is  brought  opposite  to  the  fixed  stop  by  applying  the  finger  to  ill 
corresponding  spoke,  the  same  letter  appears  on  the  dial  of  the  iafr 
cator,  however  distant  they  may  be  from  each  other. 

Professor  Wheatstone  has  contrived  various  means  of  convertii( 
the  reciprocating  motion  of  the  armature  into  the  intermitting  dreakt 
motion  of  the  dial.  But  for  instruments  required  to  act  throiigh  ntf 
great  lengths  of  wire  he  has  adopted  the  following  plan.  The  wkil 
b  is  connected  with  a  train  of  clock-work  actuated  by  a  spring  • 
weight  which,  were  there  no  impediment,  would  give  a  coDtiMi 
rapid  rotatory  motion  to  the  wheel ;  and  an  alternating  piece,  aiai* 
in  its  action  to  the  anchor  of  an  escapement,  allows  the  wheel  ti 
advance  through  the  distance  of  half  a  tooth  when  the  annaloe  ii 
either  attracted  or  falls  back  by  the  reaction  of  the  spring.  By  lis 
substitution  of  an  escapement  for  a  simple  propelment  the  instnuacat 
is  enabled  to  work  with  a  much  weaker  current,  as  it  reqnifea  ta 
force  to  allow  the  wheel  to  escape  than  to  impel  it  into 
especially  when  any  mechanical  resistance  has  to  be  overoooie. 
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hich  are  rolled  alternately  several  sheets  of  white  paper  aiid 
'  the  blackened  paper  used  in  tike  manifold  writing  apparatus^ 
2  has  been  enabled  to  obtain^  without  presenting  any  resist- 
loe  to  the  type  wheel,  several  distinct  printed  copies  at  the 
ime  time  of  tike  message  transmitted.  2.  He  has  applied 
le  principles  of  the  telegraph  described,  to  enable  the  time  of 
single  clock  to  be  shown  simultaneously  in  a  great  number  of 
laces^  or  in  other  words  to  telegraph  time  instead  of  messages, 
or  this  purpose  the  wheel  for  making  and  breaking  the  circuit, 
istead  of  being  turned  by  the  finger,  as  in  the  telegraph,  is 
lade  extremely  light,  and  is  carried  round  by  the  arbor  of  a 
lock,  while  a  hand  pointing  to  the  time  on  a  fixed  dial,  is 
loved  by  precisely  the  same  means  as  the  dial  of  the  telegraph. 


XVII.     MAGNETO-ELECTRICITY. 

§  864,  Thk  phenomena  of  electro-magnetism  are  pro- 
luoed  by  electricity  in  motion ;  accumulated  electricity,  when 
lot  in  motion,  exerts  no  magnetic  effects.  Dr.  Faraday  early 
dt  convinced  that  "  as  every  electric  current  is  accompanied  by 
.  corresponding  intensity  of  magnetic  action  at  right  angles  to 
he  current,  good  conductors  of  electricity,  when  placed  within 
he  sphere  of  this  action,  should  have  a  current  induced  through 
ban,  or  some  sensible  effect  produced,  equivalent  in  force  to 
ndi  a  current.*'  These  considerations,  with  their  consequence, 
le  hope  of  obtaining  electricity  from  ordinary  magnetism, 
Emulated  him  to  investigate  the  subject  experimentally,  and  he 
as  rewarded  by  an  affirmative  answer  to  the  question  proposed. 
[e  thus  became,  like  CErsted,  the  foimder  of  an  entirely  new 
ranch  of  natural  philosophy. 

§  865.  If  a  wire  connecting  the  two  ends  of  a  delicate 
Ivanometer  be  placed  parallel  and  close  to  the  wire  con- 
acting  the  poles  of  a  voltaic  battery,  no  effect  will  be  produced 
Mm  the  needle,  however  powerful  the  current  may  be.  If  the 
lints  opposed  in  the  two  wires  be  multiplied  by  coiling  the 
le,  as  a  helix,  within  the  convolutions  of  the  other  coiled  in 
le  same  way,  both  being  covered  with  silk  to  prevent  metallic 
mtact,  still  no  effect  will  be  discernible  so  long  as  the  current 
i  uninterrupted.  When,  however,  the  current  of  the  battery 
I  stopped  by  breaking  the  circuit,  the  needle  is  momentarily 
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deflected^  as  by  a  wave  of  electricity  passing  in  the  same  direc- 
tion as  that  of  the  main  current.  Upon  allowing  the  needle  tft 
come  to  a  state  of  rest^  and  then  renewing  the  contact,  a  sirnihr 
impulse  will  be  given  to  it  in  the  contrary  direction.  While 
the  current  continues,  the  needle  returns  to  its  state  of  rn^ 
again  to  be  deflected  in  the  first  direction  by  stopping  tlie 
current.  Motion  may  be  accumulated  to  a  considerable  amoodt 
in  the  needle,  by  making  and  breaking  the  contacts  with  the 
battery  in  correspondence  with  its  swuig. 

§  866.  The  same  effects  are  produced  when,  the  cunoft 
being  uninterrupted,  the  conducting  wire  is  made  suddenly  (e 
approach  or  recede  from  the  wire  of  the  galvanometer.  As  the 
wires  approximate,  there  will  be  a  momentary  current  indneed 
in  the  direction  contrary  to  the  inducing  current;  and  as  the 
wires  recede,  an  induced  current  in  the  same  direction  as  the 
inducing  current. 

§867.  As  this  volta-electric  induction  is  obviously  pro* 
duced  by  the  transverse  action  of  the  voltaic  current,  in  one 
case  by  the  mechanical  motion  of  the  wire,  and  in  the  other  it 
the  moments  of  generation  and  annihilation  of  the  current,  Dr* 
Faraday  thought  that  the  sudden  induction  and  cessation  of  the 
same  magnetic  force  in  soft  iron,  either  by  the  agency  rfi 
voltaic  current  or  by  that  of  a  common  magnet,  ought  to  J/^- 
duce  the  same  results.  He  constructed  a  combination  of  hdios 
upon  a  hollow  cylinder  of  pasteboard ;  they  consisted  of  length 
of  copper  wire,  containing  altogether  220  feet ;  four  of  thai 
were  connected  end  to  end,  and  then  with  the  galvanometer; 
the  other  intervening  four  were  also  connected  end  to  end,  ui 
with  the  voltaic  battery.  In  this  form  a  slight  effect  was  JHO- 
duced  upon  the  needle  by  making  and  breaking  contact  Bat 
when  a  soft  iron  cylinder,  seven-eighths  of  an  inch  thick  vi 
twelve  inches  long,  was  introduced  into  the  pasteboard  tobf^ 
surrounded  by  the  helices,  the  induced  current  affected  the  pi- 
vanometer  powerfully.  When  the  iron  cylinder  was  replied 
by  an  equal  cylinder  of  copper,  no  effect  beyond  that  of  th 
helices  alone  was  produced. 


§  868.  Similar  effects  were  then   produced  by 
magnets.     The  hollow  helix  had  all  its  elementary  helices  coo* 
nected  with  the  galvanometer,  and  the  soft  iron  cylinder  haviiV 
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)een  introduced  into  its  axis^  a  couple  of  bar  magnets  were 
irranged  with  their  opposite  poles  in  contact^  so  as  to  resemble 
I  horse-shoe  magnet,  and  contact  was  then  made  between  the 
other  poles  and  the  ends  of  the  iron  cylinder,  by  which  it  was 
converted  for  the  time  into  a  magnet ;  by  breaking  the  magnetic 
contacts,  or  reversing  them,  the  magnetism  of  the  iron  cylinder 
could  be  destroyed  or  reversed  at  pleasure.  Upon  making 
magnetic  contact  the  needle  was  deflected ;  continuing  the  con- 
tact, the  needle  became  indifferent,  and  resumed  its  first  posi- 
tion; on  breaking  contact  it  was  again  deflected,  but  in  the 
opposite  direction  to  the  first  effect,  and  then  it  again  became 
^different.  When  the  magnetic  contacts  were  reversed,  the 
tcflections  were  reversed.  The  actual  contact  of  the  magnets 
ridk  the  soft  iron  is  not  essential  to  the  success  of  these  experi- 
cients,  for  their  near  approximation  induces  sufiicient  magnetism 
n  the  cylinder  to  generate  the  electric  current,  which  affects 
be  needle.  The  first  rise  of  the  magnetic  force  induces  the 
electric  wave  in  one  direction;  its  sudden  decline,  in  the 
opposite. 

Mechanical  motion  of  a  permanent  magnetic  pole  in  one 
direction  across  the  coils  of  the  helix,  will  produce  the  same 
^Std  as  the  sudden  induction  of  the  magnetism  in  the  soft  iron, 
md  its  motion  in  the  opposite  direction  will  cause  a  correspond- 
Hg  effect  with  its  annihilation.  When  the  soft  iron  cyUnder  is 
T^emoved  from  the  helix,  and  one  end  of  a  cylindrical  magnet 
dirust  into  it,  the  needle  is  deflected  in  the  same  way  as  if  the 
mignet  had  been  formed  by  either  of  the  two  preceding  pro- 
Desses.  Being  left  in,  the  needle  will  resume  its  first  position, 
ind  then  being  withdrawn,  the  needle  will  be  deflected  in  the 
opposite  direction. 

§  869.  On  substituting  a  small  hollow  helix,  formed 
round  a  glass  tube,  for  the  galvanometer  in  these  experiments^ 
ind  introducing  a  steel  needle,  it  will  be  converted  into  a  mag- 
net, provided  care  be  taken  not  to  expose  it  to  the  opposite 
iction  of  the  reverse  current :  and  if  the  continuity  of  the  con- 
ducting wire  be  broken  at  the  moment  when  the  secondary  elec- 
tric wave  is  passing  through  it,  a  bright  spark  may  be  obtained. 

§  8/0.  The  connexion  of  electro-magnetical  and  magneto- 
dectrical  phenomena  may  be  exhibited  in  a  very  striking  way, 
by  employing  any  of  the   apparatus,  by  which  the   rotatorv 
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motions  of  a  magnet,  or  conducting  wire,  are  produced  by  i 
current  of  electricity,  to  generate  electric  currents  by  die  me- 
chanical rotations  of  the  magnet  or  wire.  For  this  purpose,  die 
galvanometer  may  be  substituted  for  the  battery,  and  when  die 
wire  is  made  to  turn  round  the  pole  of  the  magnet,  or  the  pok 
of  the  magnet  round  the  wire  in  one  direction,  the  needle  wil 
be  deflected  to  one  side ;  and  to  the  other  by  the  opposite  rote- 
tion.  Nothing  can  better  show  that  magneto^lectric  is  tk 
converse  of  electro-magnetic  action. 

By  rotating  the  wheel,  formerly  described  (§  856),  betveei 
the  poles  of  a  horse-shoe  magnet,  a  constant  current  of  elecbi- 
city  may  be  kept  up  in  one  direction,  and  exhibited  by  coi- 
necting  one  of  the  wires  of  the  galvanometer  with  the  axis,  uA  j 
the  other  with  the  reservoir  of  mercury,  in  which  the  ascaaf  \ 
ference  dips  and  revolves.  By  turning  it  in  one  direction,  tb 
current  will  pass  from  the  axis  to  the  circumference;  by  tuninf 
it  in  the  other,  the  current  will  flow  from  the  circumference  to 
the  axis  (162). 


(162)  In  the  annexed  figure,  c  represents  a  copper  disc  rerolinf 
upon  an  axis  by  a  winch,  n  s  are  the  poles  of  a  powerful  magDelv 
placed  as  to  admit  of  the  revolution  of  the  edge  of  the  plate  betwecs 
them,  fp  w'  are  wires,  one  of  which  is  retained  in  perfect  metdie 
contact  with  the  axis,  and  the  other  with  the  circumference  of  Ae 


disc  at  the  point  immediately  passing  between  the  poles.  These  woft 
terminate  in  the  galvanometer,  g.  When  the  copper  plate  is  Toait  to 
revolve  from  right  to  left,  a  current  of  electricity  is  produced  in  ^ 
direction  of  the  arrows,  and  deflects  the  galvanometer.  If  the  revo- 
lution of  the  plate,  or  the  poles  of  the  magnet,  be  reversed,  the  electric 
current  will  move  in  the  opposite  direction. 
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§  871-  The  general  expression  of  these  phenomena  may 
B  thus  stated : — Whenever  a  piece  of  metal  is  passed,  either 
sfore  a  single  pole,  or  between  the  opposite  poles  of  a  magnet, 
r  before  electro-magnetic  poles,  whether  ferruginous  or  not,  so 
I  to  cut  the  magnetic  curves,  (or  lines  which  would  be  marked 
at  by  the  spontaneous  arrangement  of  iron-filings,  (§  388,) 
metrical  currents  are  produced  across  the  metal  transverse  to 
le  direction  of  motion. 

§  872.  The  same  relation  exists  between  the  magnetism 
f  the  earth  and  metals  in  motion,  and  although  the  force  is 
mall,  the  induction  may  be  rendered  sensible  by  appropriate 
arrangements.  Dr.  Faraday  connected  the  hollow  helix,  already 
iescribed,  ¥rith  the  galvanometer,  by  wires  eight  feet  long,  and 
i  soft  iron  cylinder  was  placed  in  it,  and  fixed  so  as  to  project 
equally  at  both  ends.  The  combined  helix  and  bar  were  held 
in  the  magnetic  direction,  or  line  of  dip,  and  were  then  suddenly 
inverted,  so  that  the  lower  end  should  become  the  upper,  but 
the  whole  still  correspond  to  the  magnetic  direction :  the  needle 
vas  immediately  deflected ;  as  it  returned  to  its  first  position, 
the  helix  and  bar  were  again  inverted,  and  by  doing  this  two  or 
tihree  times,  making  the  inversions  and  vibrations  coincide,  the 
needle  swung  through  an  arc  of  150°  or  160°. 

These  phenomena  are  the  consequence  of  the  inductive  mag- 
netic power  of  the  earth,  rendering  the  soft  iron  cylinder  a  tem- 
porary magnet  with  its  marked  pole  downwards ;  the  inversion 
of  position  is  equivalent  to  a  change  of  poles,  the  opposite  influ- 
ence of  which  is  made  to  coincide  with  the  opposite  oscillations 
of  the  needle.  The  rotation  of  a  wheel  in  such  a  manner  as  to 
^t  the  terrestrial  curves  of  magnetism  is  sufiicient  sensibly  to 
reflect  the  needle;  and  even  the  mere  motion,  in  the  same 
^I'ection,  of  a  long  loop  of  copper  wire  connecting  the  two  ends 
^^  the  galvanometer,  and  passing  over,  will  produce  the  same 
effect.  Upon  moving  the  loop  in  one  direction,  the  needle  ¥rill 
P^  to  one  side ;  and  upon  moving  it  back  again,  the  needle 
^m  be  impelled  in  the  contrary  direction  ;  upon  repeating  these 
*^tions  in  accordance  with  the  vibrations  of  the  needle,  it  may 
^  made  to  swing  through  90°,  or  more. 

§  873.  After  Dr.  Faraday^s  discovery  of  volta-electHc  and 
Hagneto-electric  induction,  many  ingenious  contrivances  were 
Hade  for  exalting  the  effects  and  facilitating  experiments.    The 
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most  complete  arrangement  now  in  use  was  the  original  com- 
bination of  Mr.  Saxton  (163). 

A  very  powerful  horse-shoe  magnet,  formed  of  numerooi 
steel  plates  closely  applied  together,  or  an  electro-magnet  <rf 
soft  iron  of  the  same  form,  is  placed  in  a  horizontal  position. 
An  armature  of  the  purest  soft  iron  has  each  of  its  ends  bent 
at  a  right  angle,  and  is  mounted  in  such  a  way  that  the  surfatcei 
of  those  ends  are  directly  opposed,  and  close  to  the  poles  of  dK 
magnet;  in  this  position  it  may  be  made  to  rotate  rapidly  mi 
vertical  direction,  by  means  of  multiplying  wheels  and  an  endlev 
band.  Two  series  of  copper  wires,  covered  with  silk,  sr 
wound  round  either  end  of  this  bar,  as  compound  helim. 
The  extremities  of  these  wires  having  the  same  directioo,  iie 
connected  together,  and  with  a  circular  disc  rotating  with  the 
armature  in  a  cup  of  mercury,  with  which  it  is  therefore  in 
metallic  communication  in  every  position  of  the  disc.  TV 
other  extremities  of  the  wires  are  united  together,  and  pasan; 


(163)  This  figure  TepresentH  a  section  of  Mr.  Saxton't  magnet»> 
electrical  machine,  a  b  is  the  borae-ahoe  magnet,  c  d  the  annttn 
of  soft:  iron,  standing  in  a  ttansverse  direction  to  the  poles  of  lit 
magnet,  b  f  is  the  spindle  upon  which  it  revolves  by  meant  of  At 
mul^plying  wheels,  bo.  h  and  i  are,  the  metallic  wheel  and  poiuli 
by  which  connexion  is  made  and  broken  between  the  mercuiy  cup,  i. 
and  the  ends  of  the  coils  of  wire  round  the  armature,  c  D. 
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bout  metallic  contact  through  the  spindle  upon  which  the 
Miratus  tums^  terminate  in  a  slip  of  copper  with  two  opposite 
nts  placed  at  right  angles  to  the  axis.  These,  in  the  act  of 
fttion,  alternately  dip  into,  and  rise  above,  the  mercury  in 
ither  cup,  which  may  be  connected  with  the  first  at  pleasure 
means  of  a  copper  wire.  By  the  laws  of  magnetic  induction, 
!  armature  becomes  a  temporary  magnet  whenever  its  bent 
Is  are  opposite  the  poles  of  the  magnet,  and  ceases  to  be 
ignetic  when  they  are  at  right  angles  to  them.  The  momen- 
y  generation  and  destruction  of  the  magnetic  force,  which 
U  be  oppositely  directed  in  the  bar  as  its  opposite  ends 
icome  opposed  to  the  same  poles  in  the  act  of  rotation,  must, 
f  the  laws  of  magneto-electric  induction,  induce  corresponding 
pposite  electric  currents  in  the  copper  wire  if  the  circuit  be 
dmplete,  by  the  immersion  of  the  points  at  the  moment  of 
bar  passage.  The  points  are  so  arranged,  that,  standing  nearly 
t  right  angles  to  the  revolving  bar,  they  just  rise  from  the 
oercury  as  its  ends  become  opposed  to  the  poles  of  the  magnet, 
uid  the  circuit  being  thus  suddenly  broken  at  the  moment  of 
^e  electric  wave,  the  current  passes  in  the  form  of  a  brilliant 
qpark. 

§  874.  By  means  of  this  magneto-electrical  machine,  all 
«€  well-known  effects  of  voltaic  currents  may  be  very  com- 
Dodiously    produced.      When    the    communication    is    made 
^tween  the  spindle  and  the  revolving  disc  by  means  of  a  fine 
''atinum  wire  instead  of  the  dipping  points,  the  wire  may  be 
^^tained  at  a  red  heat;  although  the  effect  being  produced 
y  alternating  currents  in  opposite  directions,  a  kind  of  pulsa- 
^n,  or  intermission  of  the  light,  may  be  discerned.     Upon 
^king  the  communication  between  the  two  mercury  cups  by 
^ans  of  copper  cylinders  grasped  in  the  hands,  a  continued 
sinful  contraction  of  the  muscles   of  the   arms  takes   place, 
^ich  destroys  voluntary  motion,  and,  under  certain  circum- 
^nces,  is  perfectly  intolerable.     If  the  currents  be  transmitted 
to  liquid  electrolytes  by  means  of  platinum  electrodes,  they 
e  readily  decomposed;    but  in  consequence  of  the  alternate 
Versal  of  their  direction,  the   anions  and  cations  are  mixed 
gether.     This,  however,  may  be  avoided,  by  turning  up  one 
the  points  of  the  axis,  when  one  of  the  currents  will  be  cut 
F,  and  half  the  power  destroyed,  but  the  usual  results  of  polar 
icomposition  will  be  obtained.     The  amount  of  decomposition 
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in  this,  as  in  all  other  cases,  is  in  proportion  to  the  quantity  of 
electricity  which  circulates.  By  means  of  an  electro-magnet 
and  a  constant  battery,  which  was  capable  of  decomposing  water 
by  the  primary  current  at  the  rate  of  eleven  cubic  inches  of  the 
mixed  gases  per  minute,  four  cubic  inches  have  been  obtained 
in  the  same  time  by  this  secondary  force. 

§  875.  Professor  Wheatstone  has  lately  contrived  a 
magneto-electric  battery  for  producing  a  continuous  current  id 
one  direction.  It  consists,  in  fact,  of  several  single  machincsi 
the  coils  of  which  are  combined  together  so  as  to  fonn  one 
continuous  circuit:  the  current  in  any  one  coil  commenciiig 
before  the  currents  in  the  other  coils  have  ceased.  Sndi  i 
machine,  when  kept  in  motion,  may  be  used  for  many  puqxMei 
for  which  a  voltaic  battery  is  employed,  but  more  especially  to 
produce  those  effects  which  usually  require  a  battery  of  a 
considerable  series,  as  to  overcome  exterior  resistances.  The 
apparatus  is  always  ready  for  \ise,  and  by  its  means  he  is  aUe 
to  communicate  signals  and  ring  beUs  at  any  distance  (l(>4). 


(1 64)  One  of  the  methods  of  accomplishing  this  object  is  here  repre- 
sented. N  0  p  Q  R  s  are  six  doable  branch  or,  as  they  are  usittOj 
called,  horse-shoe  magnets,  having  their  dissimilar  poles  altematelj 
disposed  in  two  parallel  lines.  These  six  magnets  are  fixed  paralld 
to  each  other,  and  at  equal  distances,  upon  a  wooden  frame,  bb'u 
the  axis  of  rotation  of  the  five  double  electro-magnetic  coils  depoi; 


this  axis  is  parallel  to  the  two  lines  in  which  the  poles  of  the  magnets 
are  situated,  and  is  equidistant  from  them;  it  moves  freely  on  piTOti 
in  the  uprights  a  a',  and  is  caused  to  rotate  by  means  of  a  pinioB  i 
which  gears  with  a  wheel  j,  on  the  circumference  of  which  a  handle  ii 
fixed.     £2ach  doable  magnetic  coil  d  k  F  G  u  consists  of  two  cjliadiidi 


MAGNETO-EIiECTRIC  BATTERY.  589 

§  876.  The  mechanism  of  electrical  induction  has  been 
:;Iearly  disclosed  by  Dr.  Faraday^  and  traced^  as  we  have  shown 


bars  of  soft  iron  ou  which  are  wound  numerous  layers  of  coils  of  insu- 
lated wire ;  these  coils  are  kept  together  hy  discs  of  brass  or  ivory 
fixed  to  the  extremities  of  the  soft  iron  bars ;  the  two  cylinders  con- 
stituting the  double  electro -magnetic  coil  are  joined  together  by  a 
transverse  piece  of  brass,  by  which  they  are  fixed  to  the  axis  and 
caused  to  revolve  with  it,  the  axis  of  the  soft  iron  bars  revolving 
round  the  axis  x  to  which  they  are  parallel.  The  ^ve  double  electro- 
magnetic cylinders  defgu  are  so  placed  on  the  axis  b,  that  the 
planes  passing  through  the  axis  B  and  the  axis  of  the  two  soft  iron 
bars  sliall  be  differently  inclined  in  each  double  electro-magnetic  coil, 
10  that  each  double  coil  shall  by  tlie  rotation  of  the  axis  b  be  succes- 
sively and  not  simultaneously  brought  directly  opposite  to  the  poles  of 
its  adjacent  magnets,  m  m  m  m  m  are  small  circular  discs  consisting  of 
two  semicircular  pieces  of  brass  separated  from  each  other  and  insu- 
lated from  the  nxis  b  by  means  of  a  partition  of  ivory  interposed 
between  them ;  and  the  position  of  this  insulating  plate  of  ivory  in 
each  disc  corresponds  with  the  plane  which  includes  the  axis  of  the 
two  soft  iron  bars  of  the  adjacent  double  coil,  t  t  is  a  wooden  bar 
parallel  to  the  axis  a,  and  to  it  are  fixed  the  strips  of  metal  u  u'  &c., 
having  no  immediate  conducting  communication  with  each  other;  u 
is  on  the  upper  side  of  the  bar,  and  u'  on  the  lower  side ;  at  the 
extremities  of  these  strips  are  fixed  the  springs  www,  two  of 
which  bear  in  the  manner  represented  agtiinst  opposite  points  of  the 
circumference  of  each  disc.  The  wire  of  the  double  coil  is  con- 
tinuous, but  is  wound  in  opposite  directions  on  each  soft  iron  bar,  and 
its  two  ends  arc  fixed  to  the  two  semicircular  pieces  of  bniss  of  the 
insulated  disc. 

The  action  of  the  machine  may  be  described  as  follows : — Tlie  two 
ends  of  the  completing  or  communicating  wire  are  connected  with  the 
strips  of  metal  u  u  by  binding  screws  x  x,  and  in  any  determined 
position  of  the  axis  the  completing  wire  and  the  wire  of  all  the  double 
coils  (except  one  when  in  a  particular  position)  forms  a  single  con- 
tinuous circuit,  so  that  if  an  electric  current  were  transmitted  through 
it,  it  would  follow  the  direction  indicated  by  the  arrows.  When  the 
Kan  B  is  caused  to  revolve,  the  double  coils  change  their  position  with 
respect  to  the  poles  of  the  adjacent  magnets,  and,  as  is  well  known, 
the  cnnents  produced  in  the  wires  of  the  electro-magnetic  coils  by 
induction  from  the  magnets  are  inverted  at  each  semi-revolution,  but 
in  consequence  of  the  brass  semicircles  of  the  insulated  discs  shifting 
their  contacts  from  one  spring  to  the  other  also  during  each  semi- 
SBVohiftiQD,  the  resultant  current  in  the  communicating  wire  pn  is 
dwajs  tnuwmitied  in  the  same  direction.  The  current  in  each  double 
Qoil  commeiMes  when  the  axis  is  in  a  different  position,  and  as  each 
«onmencM  before  the  others  have  ceased  the  effect  of  a  perfectly  con- 
tinwHi^  cinrent  is  obtained.    It  must  be  observed  that  the  ends  of  the 
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(§  317),  to  the  action  of  particles  of  matter  intervening  between 
the  inducteous  and  inductric  bodies :  he  has  not  been  so  suc- 
cessful in  his  endeavours  to  develop  the  mode  of  magnetic  and 
electro-magnetic  induction.  All  the  phenomena  dependent  upon 
these  actions  take  place  indifferently  through  all  kinds  of  matter; 
and  bodies  contrasted  by  the  extremes  of  conducting  and  insu- 
lating power^  and  opposed  to  each  other  as  strongly  as  metals, 
air,  and  sulphur,  show  no  difference  with  respect  to  magnetic 
forces  when  placed  in  their  lines  of  action.  As  far  as  experim^ 
has  yet  gone,  the  results  lead  to  the  conclusion  that,  notwiA- 
standing  the  strong  analogy  which  the  two  series  of  phenomena 
present,  the  transverse  inductive  force  of  currents  is  not  trans- 
mitted by  the  intermediate  particles  in  a  similar  ¥ray  to  static 
electricity,  although  both  can  act  at  a  distance.  Dr.  Faraday, 
however,  is  very  far  from  thinking  the  question  settled ;  and  he 
is  of  opinion  that  ^^it  is  fully  within  the  reach  of  experiment,  and 
offers  a  high  reward  to  him  who  will  attempt  its  settlement" 

But  whatever  be  the  mode  in  which  this  electrical  condition 
is  induced  in  a  good  conductor,  there  can  be  no  doubt  that  iti 
particles  are  thereby  thrown  into  the  same  state  as  when  con- 
ducting a  charge  from  any  other  source;  and  this  we  hsTC 
already  determined  (§  341,)  to  be  a  state  of  electrical  polarity, 
in  which  the  associated  forces  are  freely  communicated  from 
one  particle  to  another. 

§  877-  Professor  Henry  has  lately  studied  the  effects  of 
electro-magnetic  induction  with  considerable  success.  He  carried 
on  his  experiments  chiefly  by  judicious  variations  of  spirals  and 
helices  of  different  lengths  and  diameters.  The  spirals  conasted 
of  thin  ribbons  of  copper  covered  with  silk  of  l^  inch  width,  and 
60  and  90  feet  in  length,  sometimes  single  and  sometimes  united 
together.  The  helices  consisted  of  copper  wire  similarly  covered 
of  :jVth  inch  diameter,  and  of  the  total  length  of  3000  yards; 
and  a  coil  of  similar  wire  of  5  miles  in  length. 

In  these  long  conductors  it  is  scarcely  necessary  to  remarit 


springs  must  never  rest  entirely  on  the  insulating  piece  of  ivorj,  ftr 
in  this  case  the  circuit  would  be  interrupted ;  but  in  passing  from  mm 
semicircle  to  the  other,  they  must  touch  one  before  they  lea^e  ^ 
other,  and  the  current  at  this  instant  will  pass  immediately  thnm^ 
the  disc  from  one  spring  to  the  other,  diverting  the  cunent  of  dbe 
corresponding  electro-magnetic  coil,  for  the  moment,  from  the  ciivA 
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that  the  exterior  resistance  of  the  metal^  which  we  are  in  the  habit 

of  neglecting  in  estimating  the  electrolytic  effects  of  the  batter)', 

is  very  considerable,  and  it  is  by  the  application  of  Ohm's  formula 

to  this  kind  of  circuit,  that  Professor  Henry  has  been  enabled  to 

overcome  some  of  the  difficulties  of  the  subject. 

The  form  of  the  ribbon  admits  of  considerable  conducting 

power  while  it  effects  the  important  purpose  of  diminishing  the 

distance  through  which  the  induction  takes  place,  and  by  this 

means  very  powerful  effects  were  produced.     Professor  Henry 

discovered,  not  only  that  the  primary  current  of  the  battery  was 

capable  of  producing  a  secondary  current   in   a  neighbouring 

metallic  body  by  induction,  but  that  this  secondary  current  was 

capable  of  acting  by  induction  upon  a  third  wire,  and  that  again 

upon  a  fourth ;  and  he  succeeded  in  obtaining  currents  of  the 

third,  fourth,  and  even  fifth  order,  alternately  changing  their 

directions;  so  that  the  signs  of  the  different  currents  were  as 

follows : — 

Primary  current  of  battery  .  + 

Secondary  current  upon  breaking  the  primary     .         .  + 

Current  of  the  third  order  by  induction  of  preceding   .  — 

Current  of  the  fourth  order  by  induction  of  preceding  + 

Current  of  the  fifth  order  by  induction  of  preceding     .  — 

The  mode  by  which  he  effected  this  was  to  cause  the  primary 
current  to  traverse  one  of  the  ribbon  spirals,  which  acted  upon  a 
second  similar  spiral,  supported  above  the  first  and  parallel  to  it ; 
the  ends  of  the  second  spiral  again  were  connected  with  a  third, 
above  which  a  helix  was  placed,  in  which  a  current  of  the  third 
order  was  produced,  and  so  on.  By  connecting  the  ends  of 
the  last  helix  with  the  pn)per  apparatus,  the  magnetising  of  a 
steel  needle,  the  deflection  of  a  galvanometer,  and  the  commu- 
nication of  shocks  could  be  effected. 

§  878,  However  large  the  quantity  of  electricity  may  be 
which  is  thrown  into  circulation  by  a  single  voltaic  circuit,  its 
intensity^  as  we  have  seen,  must  be  very  low,  and  it  is  wholly 
incapable  of  effecting  its  passage  by  disruptive  discharge.  In 
consequence  of  this,  when  the  conducting  wire  is  very  short,  no 
spark  is  visible  upon  making  or  breaking  contact  between  the 
generating  and  conducting  surfaces ;  or,  at  most,  a  very  minute 
one  upon  ihe  latter  occasion.  Nevertheless,  when  the  wire  is 
long,  a  very  bright  spark  is  produced  upon  breaking  contact. 
lUa  spaik  is  greatly  increased  when  the  same  long  wire  is  coiled 
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up  into  a  helix ;  and  still  more  when  it  is  wound  round  an  iron 
core,  so  as  to  constitute  an  electro-magnet.     Under  these  last 
circumstances,  if  the  ends  of  the  wire  near  the  battery  be  grasped 
by  a  person  with  moistened  hands,  he  will  experience  a  con- 
siderable shock  at  the  moment  of  breaking  the  contact  at  a  point 
between  the  place  at  which  it  is  held  and  the  battery,  and  the 
spark  will  be  diminished.     If  a  decomposing  apparatus  be  iIlte^ 
posed   between   the  same  extremities   of  the  wire,  the  dinet 
current  will  pass  through  the  latter  so  long  as  the  contact  with 
the  battery  plates  is  maintained;  but  upon  breaking  contact 
iodide  of  potassium  will  be  decomposed  in  the  former,  and  the 
situation  of  the  evolved  iodine  will  prove  that  the  decompositioo 
has  been  effected  by  a  current  in  an  opposite  direction  to  that 
of  the  battery  current.     In  this  last  experiment,  a  bright  spaik 
occurs  at  the  place  of  disjunction,  indicating  that  only  a  smdll 
part  of  the  extra  current  passes  the  decomposing  appentoi 
because  of  its  small  conducting  power.     The  most  instractiTe 
set  of  results  are,  however,  obtained  when  a  galvanometer  is 
introduced   between   the   extremities   of  the  conducting  inrt 
When  contact  is  then  made,  a  portion  of  the  primary  curtwit 
which  passes  through  the  principal  wire  is  diverted  through  the 
galvanometric  wire,  and  the  needle  is  deflected.     If,  whflc  in 
this  situation,  it  be  forced  back  by  pins,  applied  upon  opposite 
sides  of  its  two  extremities,  to  its  natural  position  when  muD- 
fluenced  by  a  current,  and  the  battery  contact  be  then  broken, 
it  will  be  strongly  deflected  in   the  opposite   direction;  thus 
showing,  in  accordance  with  the  chemical  effects,  that  the  citn 
current  followed  a  course  in  the  cross  wires  contrary  to  the  one 
produced  by  the  direct  action  of  the  electromotor. 

§  879.  It  is  clear,  then,  that  at  the  moment  of  its  retan 
to  its  natural  state,  a  reflex  wave  of  electricity  is  generated  in 
the  conducting  wire,  which  is  analogous  to  that  whidi  it  is 
capable  of  inducing  at  the  same  moment  in  a  parallel  ind^ 
pendent  wire.  It  is  generated,  also,  by  the  same  lateral  or 
magnetic  force,  and  it  is  increased,  like  the  latter,  by  the  reactioi 
of  the  temporary  magnetism  of  soft  iron  in  the  moment  of  its 
cessation,  and  by  the  juxta-position  of  the  coils  of  a  helix. 

In  fact,  if  a  second  and  independent  wire  be  placed  by  the 
side  of  the  primary  conducting  wire,  as  by  coiling  the  two 
together  in  one  helix,  taking  care  that  they  may  be  well  iiii>' 
lated,  so  long  as  the  circuit  of  the  second  wire  is  not  complete 
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e  primary  wire  will  give  a  good  spark ;  but  upon  completing 
e  secondary  circuit,  by  bringing  its  ends  into  metallic  contact, 
e  whole  of  the  lateral  force  will  be  expended  upon  it,  and 
tie  or  no  spark  will  appear  when  the  primary  circuit  is  broken. 
len,  again,  if  the  ends  of  the  second  wire  should  happen  to  be 
sconnected  at  the  moment  when  the  battery  contact  is  broken, 
spark  will  there  appear  instead  of  occurring  at  the  disjointed 
Iremity  of  the  principal  wire.  Even  the  weak  current  of  the 
ermo-electric  circuit  (§  828),  may  be  made  to  yield  a  spark 
om  this  secondary  action  by  the  assistance  of  a  heUx ;  or  still 
stter,  of  one  of  Professor  Henry's  flat  spirals. 

§  8/9.  In  the  wire  of  the  helix  of  Saxton's  magneto- 
lectric  machine,  these  principles  of  action  have  an  important 
ifluence.  From  the  construction  of  the  apparatus,  the  current 
I  permitted  to  move  in  a  complete  metallic  circuit  of  great 
ength  during  the  first  instance  of  its  formation :  it  gradually 
ises  in  strength,  and  is  then  suddenly  stopped  by  the  breaking 
'fthe  metalUc  circuit;  and  thus  great  intensity  is  given  by 
Induction  to  the  reverse  current  which  at  that  moment  passes, 
different  effects  are  produced  by  varying  the  length  and  dia- 
meter of  the  wire  upon  the  armature.  A  great  length  (1500 
U'ds)  of  fine  insulated  copper  wire  will  decompose  water  with 
e  greatest  advantage,  and  give  the  severest  shocks ;  but  a  less 
^h  (40  yards)  of  thicker  wire  will  give  the  largest  sparks, 
d  ignite  the  largest  quantity  of  platinum  wire.  These  differ- 
ces  all  depend  upon  variations  in  the  area  of  the  section  of 
e  conducting  metals,  and  are  readily  explained  by  the  applica- 
>n  of  Ohm's  formula. 

§  880.  By  a  primary  coil  of  thick  wire  of  120  feet  in 
igth,  the  connexion  of  which  with  a  voltaic  circuit  may  be 
>idly  made  and  broken  by  a  spring  pressing  upon  a  toothed 
leel,  and  an  inducteous  coil  of  finer  wire  1 20  yards  long,  the 
ds  of  which  may  be  grasped  by  the  hands,  an  electro-dynamic 
ichine  may  be  constructed,  the  effects  of  which  are  utterly 
olerable  (165).  The  continuous  shock  of  this  instrument  is  sufli- 


(165)  fl  fe,  in  the  following  figure,  is  the  cylinder  formed  by  the 
abined  coils  of  the  primary  and  secondary  wires.     The  two  ends  of 

primary  wire  are  connected  with  the  battery,  p  n;  but  this  con- 
cion  can  be  rapidly  broken  and  restored  by  the  rotation  of  the 

2q 
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cient  to  destroy  life  in  a  cat,  or  other  animal  of  the  same  we,  if 
directed  through  the  head.  The  rapid  succession  of  sparlu  ind 
the  comhustion  of  the  metals  which  may  he  produced  by  thii 
machine  are  very  striking  phenomena. 

§  881.  In  the  voltuc  drcuit,  the  self-induction  of  the 
conducting  wire  generates  a  current  which  peirades  the  cdli  of 
the  battery  itself,  as  well  as  its  own  substance :  for  if  s  long 
wire  or  coil  be  connected  with  a  series  of  cells,  not  only  will  tbe 
large  spark  be  formed  when  the  tnrcuit  is  broken  at  the  exW- 
mity  of  that  wire,  but  at  any  of  the  short  wires  of  the  other 
cells.  The  effect  upon  the  electrolyte,  from  this  reaction,  bu 
not  yet  been  examined. 

Dr.  Henry  also  succeeded  in  obtaining  a  secondary  coinnt 
from  the  induction  of  the  battery  itself,  by  placing  one  of  Im 
helices  in  the  centre  of  ten  active  cells ;  by  holding  the  endi  of 
the  helix  in  the  hands  a  shock  was  experienced  every  time  tbt 
circuit  was  completed. 


§  882.  If  we  now  cast  a  retrospective  glance 


toothed  metnllic  wheel,  A,  against  the  spring,  i,  one  of  the  batt^rj  <riR( 
being  connected  with  the  wheel,  and  the  other  with  the  ipring;/? • 


■  avrMhle  bar  of  nft  iron  placed  tn  the  axis  of  ih^i 
piimiwofincreariiig  the  effect  bjinduotioni  bj  nibsiimiiDga 
of  ttSB  wins  for  th«  bar  the  power  is  coBBldenUj  angmnitr^   i 
V«  4»  vttdiof  the  Honidaiy  eoil. 
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lilective  phenomena  which  have  come  before  us^  how  wonderful 
)pears  the  nature  of  that  mysterious  force  which  we  can  at 
ieasure  call  into  action  by  the  mutual  influence  of  masses  of 
letal  upon  each  other  exerted  at  a  distance,  and  without  dimi- 
ution  of  substance  or  power ;  or  from  the  union  of  a  few  grains 
I  zinc  and  acid,  accompanied  by  the  simultaneous  disunion  of 
)uivalent  proportions  of  hydrogen  and  the  radicle!  A  force 
hich  at  the  same  moment,  and  in  one  circuit,  will  radiate  the 
nly  light  which  is  capable  of  rivalling  the  intensity  of  the  solar 
earn, — disengage  a  heat  which  will  fuse  the  most  refractory 
letal, — control  and  paralyze  the  muscular  energies  of  the  most 
owerful  animals, — suspend  the  force  of  gravity,  and  give  me- 
banical  motion  to  masses  of  matter, — and  acting  upon  tlie 
Itimate  molecules  of  matter,  will  decompose  the  most  intimate 
ombinations  of  affinity  at  one  point,  and  recompose  them  at 
mother ! ! 

Mere  differences  of  temperature  in  some  substances,  and  the 
mutual  friction  of  others,  will  also  call  this  marvellous  agent 
forth ;  and,  to  complete  our  admiration,  we  have  now  to  con- 
template it  as  the  product  of  animal  life,  and  placed  as  an  olFen- 
srive  weapon  under  the  control  of  animal  will. 


XVIII.     ANIMAL  ELECTRICITY. 

§  883.  There  is  a  flat  fish,  a  species  of  ray,  which  fre^ 
<liients  the  shores  of  the  Mediterranean,  the  Atlantic  coast  of 
^Woe,  and  is  sometimes  taken  on  the  south-west  coast  of 
England,  which  was  known  to  the  ancients  as  capable  of  com- 
municating a  benumbing  sensation  to  those  who  handled  it,  and 
^  which  they  therefore  gave  the  name  of  torpedo.  Several  of 
'^^  early  physicians,  both  Roman  and  Arabian,  ascribed  to  it  an 
'^uence  in  subduing  obstinate  headaches,  and  the  gout  itself. 

§  884.  The  vague  notions  which  were  entertained  of  the 
^ture  of  this  animal  force,  even  in  later  times,  cannot  be  better 
(emplified  than  by  an  extract  from  a  paper  on  the  subject, 
uUiahed  in  the  Philosophical  Transactiona  for  167B,  by  Ste* 
bano  Lorenzini.  He  observes :— **  The  chief  wonder  of  this 
umal,  and  that  which  gives  it  its  narne^  is  the  benumbing 
miHy  wUch  is  seated  in  the  two  aemicinnilarj  or  bleated, 
EMdfla  on  each  side  of  the  thorax,  which  oonabta  of  fibres. 
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irregular,  but  as  large  as  a  goose-quill,  and  made  up  of  bladders 
filled  with  a  kind  of  water ;  one  end  of  these  fibres  being  fixed 
to  the  skin  of  the  belly,  and  the  other  to  that  of  the  back,  on 
which  may  be  plainly  seen  the  vestigea  of  the  fibres'  ends. 
Now,  when  the  fish  contracts  those  fibres,  there  issue  out  cor- 
puscules  fitted  to  the  pores  of  a  man's  skin,  so  as  to  enter  upon 
immediate  contact,  but  not  otherwise,  and  disturb  the  posture 
of  the  parts,  and  to  cause  pain,  as  when  one's  elbow  is  hit  or 
knocked;  and  this  comes  most  by  the  fingers'  ends,  because 
these  are  ends  of  tendons.  And  this  pain  is  more  or  less  as  the 
contraction  of  the  fibres  have  immitted  more  or  less." 

§  885.  As  a  contrast  to  these  untenable,  hypothetic^ 
assumptions,  we  may  refer  to  a  paper  on  the  same  property  of 
the  torpedo,  by  Mr.  Walsh,  in  the  Philosophical  Traruactmtd 
the  year  1773.  He  set  out,  also,  with  an  hypothesis,  which  it 
the  time  was  sufficiently  bold,  that  the  eflFect  was  electrical;  but, 
in  the  true  spirit  of  the  inductive  philosophy,  he  immediatdy 
proceeded  to  test  the  sufficiency  of  the  supposition  by  wdl- 
devised  experiments.  He  found  that  the  shock  of  the  torpedo 
could  be  transmitted  through  conductors  of  electricity,  as  metab 
and  water;  and  that  it  was  interrupted  by  non-conductors,  as 
glass  and  sealing-wax.  He  discovered  that  the  back  and  breast 
of  the  animal  were  in  different  states  of  electricity;  and  that  to 
receive  the  shock,  it  was  necessary  that  there  should  be  a  con- 
ducting communication  between  the  upper  and  lower  sur&ccs. 
The  shock,  when  in  air,  appeared  to  be  about  four  times » 
strong  as  when  in  water.  His  results  have  been  confirmed  and 
extended  by  recent  experimenters,  and  particularly  by  Dr.  Davy, 
who  succeeded  in  effiecting  chemical  decomposition,  the  magneti- 
zation of  steel,  and  the  deviation  of  the  magnetic  needle,  by  the 
electrical  current  of  the  torpedo.  He  also  ascertained  that  the 
electrical  organ  upon  the  under  surface  of  the  animal  corres- 
ponded to  the  zinc  extremity  of  the  voltaic  circuit,  and  its  uppe^ 
surface  to  the  copper  extremity  (166). 


(1 66)  The  figure  In  the  next  page  presents  a  view  of  the  under  tm- 
face  of  the  torpedo,  a  is  the  right  electric  organ,  exposed  by  dissectiwf 
off*  the  skin,  which  consists  of  white  pliant  columns  in  a  close,  and  f* 
the  most  part  hexagonal,  arrangement,  giving  a  general  appearance  « 
a  honey-comb  in  miniature.  These  columns  have  been  sometiiBi^ 
denominated  cylinders,   but  have  no  interstices,  and  aie  all  aDgvbr, 
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J  886.  This  power  of  generating  and  directing  an  elec- 
trical current  at  pleasure  is  also  possessed  by  a  fresh-water  fisli, 
gymnotuB  ehctricut,  which  at  first  view  appears  very  much  to 
resemble  an  eel,  and  which  consequently  has  been  named  the 
ettctriral  etf;  a  fine  specimen  of  wliicli,  forty  inches  in  length, 
was  lately  exhibited  in  the  Adelaide  Gallery,  It  is  common  in 
all  the  small  rivers  Avhich  flow  into  the  Orinoco  in  Guiana,  and 
also  in  Surinam. 

5  88?.  Dr.  Faraday  experimented  with  this  animal,  and 
ruminunicated  the  results  to  the  Royal  Society.  He  employed 
two  collectors  formed  of  copper-plate  l>ent  into  a  saddle  shape, 
which  passed  over  the  fish  and  inclosed  a  certain  extent  of  the 
lides  and  back,  and  thick  copper  wires  were  brazed  to  them  to 
convey  the  electric  force  to  the  experimental  apparatus.  They 
were  covered  witli  sheet  caoutchouc,  the  edges  of  which  pro- 
jected at  the  iHittom  and  ends,  and  the  parts  of  tlie  wires  liable 
to  he  in  the  water  were  also  covered  with  the  same  substance. 
By  these  means,  the  part  of  the  animal  within  the  caoutchouc 
was  insulated  from  tlie  surrounding  water.  The  greatest  effects 
■were  produced  when  tlie  collectors  were  applied  to  the  anterior 
and  posterior  parts  of  the  gymnotus. 


and  chiefly  six-cornered,  b  the  skin  which  covered  the  organ,  ehowing 
on  it8  inner  side  a  bexagonnl  net-work,  c  tlie  nostrils  in  the  fonn  of 
a  crescent,  d  the  mouth  in  a  crescent  contrary  to  that  of  tlie  nostrils, 
furnished  with  several  rows  of  very  small  teeth,  e  the  branchial 
apertures,  five  on  each  side,  f/  the  outward  margin  of  the  greater 
lateral  fin.     g  g  the  two  siaaller  lateral  fins,     h  the  fin  of  the  tail. 


598  OYUNOTUfi. 

Dr.  Faraday  concludes,  that  a  single  medium  discha^  o( 
the  fish  is  at  least  equal  to  the  electricity  of  a  Leyden  httXaj, 
containing  3500  square  inches  of  glass  coated  on  both  ndo, 
charged  to  its  highest  degree;  and  notwithstanding  the  greatnoi 
of  this  force,  the  animal  can  give  a  double  and  triple  shock  widi 
scarcely  a  sensible  interval  of  time. 

Using  the  saddle  collectors,  the  needle  of  a  galvanomeUr, 
not  particularly  delicate,  was  affected  to  the  amount  of  40°,  ud 
the  current  was  always  found  to  be  from  the  anterior  pub 
of  the  animal  through  the  galvaaometer  wire  to  the  postoior 
parts.  An  annealed  steel  needle,  placed  in  a  little  helix,  n> 
rendered  magnetic,  and  polar  decomposition  of  a  solutioo  rf 
iodide  of  potassium  was  easily  obtained.  A  secondary  ipuk 
was  obt^ned  by  means  of  a  good  magneto-electric  coil,  tnd 
afterwards  a  direct  spark  betwen  the  surfaces  of  two  gold  Ictm 
(167). 

^  888.  It  was  evident  from  the  experiments,  that  ill  the 
water  and  all  the  conducting  matter  around  the  6sh,  titrc*^ 
which  a  discharge  circuit  can  in  any  way  be  completed,  is  fiW 
at  the  moment  with  circulating  electric  power ;    and  a  nnnibB 


(167)  This  figure  exhibits  the  whole  of  the  two  electrical  oipV 
on  each  side  of  the  gymnotus,  the  skin  being  remoTed  as  fai  u  tlw 
organs  extend.  Tbey  consist  of  two  parts;  viz^  flat  partitioBi  * 
septa,  and  cross  divisions  between  them.  The  outer  edge  of  tkM 
septa  appear  externally  in  parallel  lines,  nearly  in  the  direction  d  At 
longitudinal  axis  of  the  body.  These  septa  ore  thin  membiiB^ 
placed  nearly  parallel  to  one  another.  Their  breadth  is  neailj  Ai 
semi-diameter  of  the  body  of  the  animal.  They  are  of  diScni' 
lengths,  some  being  as  long  as  the  whole  organ,     a  the  lower  mi&ct 


of  the  head  of  the  animal:  b  the  cavity  of  the  belly:  c  the  backofi* 
fish  where  the  skin  has  not  been  removed:  D  »  the  fin  which  nU 
along  the  lower  edge  of  the  fish:  k  e  the  skin  turned  back:  rrtbt 
lateral  muscles  of  the  above  fin  removed,  and  carried  badi  with  w 
skin,  to  expose  the  small  electrical  organ:  g  g  g  the  huge  eJediial 
organ:  n  n  the  small  organ. 
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of  persons  all  dipping  their  hands  at  the  same  time  into  the  tub^ 
the  diameter  of  which  was  46  inches^  received  a  shock  of  greater 
or  less  intensity  accordingly  as  they  were  more  or  less  favour- 
ably situated  with  r^ard  to  the  direction  of  the  current. 

§  889.  The  gymnotus  can  stun  and  kill  fish  which  are  in 
Tarious  positions  with  respect  to  its  own  body.  On  one  day, 
when  Dr.  Faraday  particularly  observed  it,  a  live  fish  was 
dropped  into  the  tub,  and  the  gymnotus  instantly  turned  round 
in  such  a  manner  as  to  form  a  coil  inclosing  the  fish,  the  latter 
representing  a  diameter  across  it.  A  shock  passed,  and  in  an 
instant^  the  fish  was  struck  motionless,  as  if  by  lightning,  in 
the  midst  of  the  waters,  its  side  floating  to  the  light.  The  gym- 
notus made  a  turn  or  two  to  look  for  its  prey,  which,  having 
found,  he  swallowed,  and  then  went  searching  about  for  more. 

§  890.  To  obtain  an  adequate  idea  of  the  power  with 
which  this  extraordinary  fish  is  armed,  we  must  have  recourse 
to  the  accounts  of  its  action  in  its  native  streams;  and  the 
Baron  De  Humboldt  has  furnished  us  with  the  following  graphic 
description  of  the  Indian  mode  of  fishing  for  gymnoti,  by  means 
of  horses : — 

"  The  extraordinary  noise  caused  by  the  horses'  hoofs,  makes 
the  fish  issue  from  the  mud,  and  excites  them  to  combat. 
These  yellowish  and  livid  eels,  resembling  large  aquatic  serpents, 
swim  on  the  surface  of  the  water,  and  crowd  under  the  bellies  of 
the  horses  and  mules.  A  contest  between  animals  of  so  differ- 
rent  an  organization  furnishes  a  very  striking  spectacle.  The 
Indians,  provided  with  harpoons  and  long  slender  reeds,  sur- 
round the  pool  closely ;  and  some  climb  upon  the  trees,  the 
branches  of  which  extend  horizontally  over  the  surface  of  tlie 
irater.  By  their  wild  cries,  and  the  length  of  their  reeds,  they 
pnnrent  the  horses  from  running  away,  and  reaching  the  bank 
of  the  pooL  The  eels,  stunned  by  the  noise,  defend  themselves 
bf  tlie  repeated  discharge  of  their  electric  batteries.  During  a 
long  time  they  seem  to  prove  victorious.  Several  horses  sink 
beneath  the  violence  of  the  invisible  strokes,  which  they  receive 
6mn  all  rides  in  organs  the  most  essential  to  life ;  and  stunned 
by  the  feiee  and  frequency  of  the  shocks,  disappear  under  tlie 
water.  Others,  panting,  with  mane  erect,  and  haggard  eyes, 
BUMiBBaing  angiush,  raise  themselves,  and  endeavour  to  flee  from 
the  ttonn  by  which  they  are  overtaken.    They  are  driven  back 
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by  the  Indians  into  the  middle  of  the  water ;  but  a  small  num- 
ber succeed  in  eluding  the  active  vigilance  of  the  fishermen. 
These  regain  the  shore,  stumbling  at  every  step,  and  stretch 
themselves  on  the  sand,  exhausted  with  fatigue,  and  their  limbs 
benumbed  by  the  electric  shocks  of  the  gymnoti.  By  degrees 
the  impetuosity  of  this  unequal  combat  diminished,  and  the 
wearied  gymnoti  dispersed.  They  require  a  long  rest,  and 
abundant  nourishment,  to  repair  what  they  have  lost  of  galvanic 
force.  The  mules  and  horses  appear  less  frightened;  their 
manes  are  no  longer  bristled,  and  their  eyes  express  less  dread. 
The  gymnoti  approach  timidly  the  edge  of  the  marsh,  where 
they  are  taken  by  means  of  small  harpoons  fastened  to  Itng 
cords.  When  the  cords  are  very  dry,  the  Indians  feel  no  shod 
in  raising  the  fish  into  the  air*.'^ 

§  891.  In  the  anatomical  construction  of  these  animab, 
as  displayed  in  the  dissections  of  Mr.  John  Hunter,  the  most 
striking  thing  is  the  large  proportion  which  the  electrical  organs 
bear  to  the  rest  of  the  bodies  of  the  animals.  In  both  species 
we  recognise  a  structure  which  is  contrived  for  large  extension 
of  surface  in  a  small  space,  which  reminds  us  of  the  similar 
construction  of  our  voltaic  arrangements.  These  are  so  abund- 
antly supplied  with  nerves,  as  to  have  led  Mr.  Hunter  to 
remark  with  regard  to  torpedos,  that  ^^  the  magnitude  and  the 
number  of  the  nerves  bestowed  on  their  organs,  in  proportion 
to  their  size,  must,  on  reflection,  appear  as  extraordinary  as  dx 
phenomena  which  they  aflFord,'*  and  in  speaking  of  the  gymnotw 
he  says,  ^^in  this  fish,  as  well  as  in  the  torpedo,  the  nerres 
which  supply  the  organ  are  much  larger  than  those  which  are 
bestowed  on  any  other  part  for  the  purposes  of  sensation  and 
action.^' 

The  electric  organs  of  the  torpedo  and  gymnotus  cannot  be 
considered  as  connected  with  those  which  are  of  direct  import- 
ance to  tlie  life  of  the  animal,  but  to  belong  rather  to  the 
common  teguments;  and  it  has  been  found  that  such  torpedos 
as  have  been  deprived  of  the  use  of  their  peculiar  organs,  hare 
continued  the  functions  of  life  quite  as  well  as  those  in  which 
they  were  allowed  to  remain. 

The  nervous  energy  of  the  animals  evidently  becomes 
exhausted  during  the  production  of  electricity,  and  there  is  an 

*  Personal  Narrative,  chap.  xvii. 
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apparent  production  of  electricity,  equivalent  to  the  quantity  of 
ner\'ous  force  consumed. 

§  892.  Living  as  these  animals  do  in  the  midst  of  so 
good  a  conductor  as  water,  our  first  thoughts  are  thoughts  of 
surprise,  that  they  can  sensibly  electrify  anytliing,  but  a  little 
consideration  makes  the  perfect  design  of  the  whole  arrange- 
ment obvious.  It  is  by  the  conducting  power  of  the  water 
alone  that  the  force  can  be  communicated  to  the  animal  to  be 
struck,  and  we  may  contrast  this  state  of  things  with  what 
would  result,  if  the  body  of  the  fish  or  its  victim  were  surrounded 
with  air. 

The  fate  of  a  gymnotus  which  had  been  caught  and  confined 
for  the  purpose  of  transmission  to  this  country  will  illustrate 
the  point.  This  animal,  notwithstanding  its  wonderful  powers, 
was  doomed  to  perish  ignobly  under  the  attacks  of  a  water-rat. 
Much  surprise  was  excited  by  this  catastrophe;  but  all  wonder 
ceases  when  we  consider  the  perfect  manner  in  which  the  body 
of  the  rat  is  insulated.  When  he  dives  beneath  the  water,  not 
a  i)article  of  the  liquid  adheres  to  him,  and  his  non-conducting 
fur,  and  the  air  which  it  contains,  clothes  him  with  annour 
which  is  perfectly  proof  against  the  bolts  of  his  formidable 
antagonist. 

§  893.  Never  was  there  a  more  tempting  field  of  research, 
or  a  higher  reward  offered  for  its  successful  cultivation,  than  that 
which  is  presented  by  animal  electricity.  In  these  electric  fish 
we  behold  nervous  power  converted  into  electric  force;  it  cannot 
be  doubted  that  the  converse  of  this  is  possible.  We  are,  how- 
ever, only  upon  the  threshold  of  this  inquiry  of  surj^assing 
interest.  It  belongs,  indeed,  exclusively  to  the  physiologist  to 
connect  these  two  branches  of  physical  philosophy;  but  he  who 
would  take  up  the  investigation  with  any  hopes  of  success,  must 
not  only  be  well  skilled  in  comparative  anatomy  and  dissections, 
and  conversant  with  the  vital  functions  of  animals,  but  must  be 
master  of  all  that  is  known  of  that  extraordinary  agent,  the  laws 
of  which  we  have  been  endeavouring  to  expound  under  the 
names  of  current  affinity  and  electricity,  and  must  follow  with 
icbI  and  industry,  the  rapid  progress  which  science  is  daily 
making  in  their  development. 

i  894.  The  phenomena  of  the  electric  fifth  have  lost  none 
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of  thrar  interest  since  the  days  when  Mr.  Walsh  first  rom- 
municated  his  experiments  upon  the  torpedo  to  Dr.  Frankliii, 
and  wc  cannot  better  take  leave  of  the  subject,  at  present,  than 
by  recalling  the  %-ords  with  which  he  closed  his  letter  upon  the 
subject  to  that  eminent  philosopher. 

"I  rejoice  in  addressing  these  communications  to  you.  Ht, 
who  predicted  and  showed  that  electricity  wings  the  fomiidsbk 
holt  of  the  atmosphere,  will  hear  vith  attention,  that  in  the 
deep  it  speeds  a  humbler  bolt,  silent,  and  in^Hsible.  He,  whu 
analyzed  the  electrified  phial,  will  hear  with  pleasure  that  its  Uwi 
pre^'ail  in  animate  phials.  He,  who  by  reason  became  to 
electrician,  will  hear  witli  reverence  of  an  instinctive  electridu, 
gifted  in  his  birth  with  a  wonderful  apparatus,  and  with  skill  to 
use  it*." 
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§  895.  The  chemistry  of  organic  beings  is  at  once  tlic 
most  interesting  and  the  most  difficult  department  of  our  genenl 
subject, but  fur  its  full  investigation  it  requires  a  far  more  exteiuirc 
preparation,  and  an  intimate  acquaintance  witli  a  far  wider  ringc 
of  science,  than  that  to  which  our  plan  is  necessarily  restricted. 
To  the  forces  which  we  have  found  to  concur  in  the  phenomcM 
of  inorganic  chemistrj'  we  have  now  to  add  the  powers  of  Life; 
that  something  superadded  to  matter  which,  in  a  chemical  pcant 
of  view,  is  capable  of  controlling  and  modifying,  if  not  of 
opposing  and  subverting,  the  ordinary  attractiona  of  its  contfi- 
tuent  particles.  The  object  of  inquiry  here  however,  u  in  tbe 
preceding  instances,  should  be  not  what  these  powen  ue,  brt 
what  they  dot.  That  their  origin  is  beyond  our  comprehenra 
is  a  di£ficulty  which  tliey  share  with  the  otJier  powers  which  ire 
'ha^'e  been  endeavouring  to  develope ;  but  that  they  are  mostly 
beyond  our  control  and  direction  ia  a  difficulty  pecoliir  ta 
themselveB,  and  one  which  greatly  restricts  experimeD^  d* 
great  engine  of  all  discovery. 

$  896.  The  orginization  or  apparatus  by  which  At 
diffiarent  processea  of  organic  chemistry  are  conducted  in  firiq|[ 
plants  or  Bninuds,  it  ii  the  peculiar  province  of  A.\atoht  adl 
Pdt»oi.ogt  to  dewnibe;  and  coniidering  the  very  ioconipblB 
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account  which  it  will  be  in  our  power  to  present  even  of  some 
few  of  the  products  of  these  \4tal  operations^  and  the  trans- 
formations which  they  undergo  under  the  influence  of  non-vital 
forces,  we  should  have  omitted  them  altogether  from  this  pre- 
paratory view,  had  it  not  been  that  the  zeal  with  which  the 
subject  has  lately  been  followed  by  some  of  our  most  eminent 
chemists  has  produced  a  reaction  upon  inorganic  cliemistry 
which  it  is  most  important  to  notice. 

§  897-  Tlie  phenomena  of  life  indicate  the  action  of  a 
current  force :  and  may  it  not  be  that  afiinity  is  thrown  into  a 
current  state  by  appropriate  apparatus,  something  in  the  manner 
of  the  voltaic  circuits  ?  A  strong  analogy  in  many  points 
l>etween  the  two  might  be  pointed  out,  and  we  cannot  but 
remember  that  electricity  in  its  most  intense  condition  is  de- 
veloped in  some  animals,  as  we  have  just  seen,  by  an  appropriate 
ner\'ous  organization. 

Flux  and  perpetual  change  appear  to  be  amongst  the  essen- 
tial conditions  of  life ;  hence  a  stable  equilibrium,  like  that  of 
crystalline  products,  is  incompatible  with  its  regular  functions. 
Organic  structures  have  a  tendency  to  assume  vesicular  and 
orbicular  forms,  which  are  totally  different  from  those  angular 
geometric  forms  which  characterize  inorganic  solids ;  and  their 
production  by  the  union  of  their  elements  is  far  l)eyond  the 
command  which  the  chemist  has  yet  obtained  over  the  forces 
concerned.  The  structure  of  such  forms  is  tiie  result  of  an 
action  peculiar  to  the  vital  powers,  in  which  we  also  find  a  power 
of  conformation  to  circumstances  which  is  totally  wanting  in  the 
forces  with  which  we  have  been  concerned.  When  withdrawn 
firom  the  immediate  influence  of  this  innovating  power  of  life, 
the  products  are  found  to  be  strictly  chemical,  and  retain  their 
composition,  or  enter  into  new  combinations,  according  to  the 
fundamental  laws  of  chemical  afiinity :  and  it  is  to  this  view  of 
them  that  we  shall  at  present  confine  our  attention. 

^  898.  The  essential  materials  of  which  the  organic 
creatioii  is  built  up,  are  a  few  only  of  the  elements  which  we 
bave  examined;  the  foundation  of  all  its  structures  being 
aurbcnij  hydrogen^  oxygen,  and  nitrogen.  But  although  the 
dements  are  few^  a  new  order  of  compounds  has  been  developed 
wbidi  appear  to  act  the  part  of,  and  to  be  equivalent  to,  dc- 
mentsiy  sabstanoes  in  composition,  like  that  compound  of  carbon 
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and  nitrogen  (or  cyanogen),  which  we  have  already  examined 
(§  ^07^  &c.)^  and  which  was  indeed  the  first  of  these  compounds 
discovered,  and  afforded  the  clue  to  the  investigations  whidi 
followed.  These  groups  of  a  few  elements  in  infinitely-yaried 
proportions  are  capable  of  combining  with  elementary  sub- 
stances and  with  one  another,  and  of  being  substituted  die  one 
for  the  other  according  to  the  laws  of  definite,  multiple,  and 
equivalent  proportions.  They  are  distinguished  by  the  name  of 
organic  radicles.  Though  their  existence  was  first  indicated  b? 
organic  chemistry,  such  radicles  are  not  probably  confined  to 
this  department ;  but  the  light  which  was  hence  derived  when 
reflected  upon  inorganic  compounds  is  capable  of  presenting 
them  in  a  new  and  interesting  point  of  view. 

§  899.  It  may  be  advantageous  to  exemplify  our  meaning 
by  referring  to  the  compounds  of  carbon  and  sulphur,  and  con- 
sidering them  in  this  light : — 

Carbonic  oxide,  CO,  is   thus  considered  a  radicle  of  this 
class,  and  then 

CO  +  0  =  Carbonic  acid. 

CO  4-  CI  =r  Chlorocarbonic  acid. 

2C0  +  O  =  OxaHcacid. 

2  CO  +  CI  =  ChloroxaUc  acid. 

In  the  same  way  sulphurous  acid,  SO^,  may  be  regarded  is 
the  radicle  of  the  following  series  of  compounds : — 

SOe   +  O  Sulphuric  acid. 

SO2  +  S  Hyposulphurous  acid. 

2  SO2   +  O  Hyposulphuric  acid. 

SO2   +  CI  Chlorosulpburic  acid. 

SOg  4-  NOg  Nitrosulphuric  acid. 

The  second  equivalent  of  oxygen  in  carbonic  acid,  and  the 
third  equivalent  of  the  same  element  in  the  sulphuric  acid,  are 
here  regarded  as  in  a  different  state  of  combination  from  those  in 
the  radicle,  and  may  therefore  be  removed,  and  their  respectite 
places  supplied  by  the  substitution  of  equivalents  of  other  simple 
as  well  as  compound  bodies;  and  by  such  substitution  their 
capacity  of  saturation,  as  of  the  sulphurous  acid,  is  not  altered. 

§  900.  It  may,  however,  be  very  reasonably  doubted, 
whether  any  real  advance  in  the  philosophy  of  chemistry  has 
yet  been  made  by  this  hypothetical  extension  of  the  thewy  of 
organic  radicles,  or  whether  we  thus  arrive  at  the  realconstitutioD 
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if  equivalent  groups.  We  have  seen,  that  in  the  electrolysis  of 
certain  secondary  compounds,  the  current  affinity,  or  voltaic 
orce,  does  not  separate  them  into  the  proximate  principles,  by 
he  contact  and  mutual  action  of  which  they  were  originally 
onned,  but  generally  into  a  simple  cation,  or  metal,  and  com- 
iX)und  anion,  sometimes  of  a  very  complex  constitution ;  which 
must  be  exactly  equivalent  to  one  another  in  the  polar  axis  of 
forces.  In  some  cases  the  cation  itself  is  also  complex,  but  de- 
monstrably equivalent  to  a  metallic  body  for  which  it  is  capable 
of  substitution;  and  in  all  cases  the  combining  proportions  are 
those  of  the  sums  of  the  elementary  ingredients  of  the  compound. 

§  901.  Before    this    voltaic    equivalency   of    compound 

groups  with    simple    substances    had    been    determined,   the 

sagacity  of  Sir  H.  Davy  suggested,  as  we  have  already  seen,  a 

theory  of  the  constitution  of  acids  and  salts,  in    which   this 

Atalism,  which  is  the  essence  of  the  electro-chemical  theory, 

^as  rendered    probable  from  the  substitution  of  one  group  of 

substances  for  another  in  combination  with  simple  substances. 

Since  it  has  been  demonstrated  that  such  groups  actually  travel 

^^  the  voltaic  circuit  as  equivalents  to  the  elementary  substances, 

^*^ere  cannot  exist  a  doubt  that  the  mutual  affinities  of  their 

^nstituent  parts  are  balanced  in  such  a  way  as  to  give,  as  a 

'^ultant,  a  definite  combining  power,  whose  ratio  is  fixed  with 

^^ard  to  the  numbers  of  all  the  elementary  substances  upon  the 

-hemical  scale.     More  extended  experiment  in  this  direction, 

promises  to  throw  much  more  light  upon  the  intimate  nature  of 

implex  chemical  composition. 

In  cyanogen  we  are  presented  with  an  organic  radicle  which, 
laving  been  originally  determined  upon  the  pure  chemical 
mnciple  of  substitution,  has  its  title  to  that  distinction  fully 
lonfirmed  by  the  results  of  electrolysis.  If  sulphuric  acid  were 
imposed  of  the  compound  radicle  SO,  and  oxygen,  ought  we 
lot  to  expect  that  SOt  would  travel  as  an  anion  in  the  voltaic 
ircuit?  but  we  have  seen  (§7^1)  that  the  real  anion  is  SO4:  and 
o  in  the  electrolysis  of  a  carbonate,  CO^^  and  not  CO  is  evolved 
it  the  zincode. 

But  it  is  not  always  that  this  appeal  can  be  made  to  inde- 
)endent  experiment.  With  regard  to  organic  compounds,  they 
ire  unfortunately  most  of  them  deficient  in  electric  conducting 
)ower;  so  that  this  class  of  radicles  can  seldom  be  made  to 
exchange  in  the  voltaic  circuit.     We  thus  lose  the  advantage  of 


OOO  ORGANIC  ANALYSIS. 

tbia  strong  cuiicurrent  proof,  and  as  many  of  them  cannut  bt 
produced  in  a  separate  state,  we  are  thro^'n  upon  the  pheno- 
mena of  substitution  alone  for  the  evidence  of  their  existencr 
and  constitution. 

^  902.  A  sketch,  even,  of  a  system  of  organic  chemistry  ii 
&ir  beyond  our  present  design;  much  more  a  minute  description 
of  tlie  literally  numberless  combinations  which  are  presented  to 
us  as  tile  results  of  the  inimitable  chemistry  of  nature,  iindof 
those  transformations  which  have  been  produced  by  their  modpm 
alliance  with  the  agents  of  the  inorganic  kingdom.  We  vill, 
however,  select  for  description  and  study,  such  substances  tnd 
non-vital  processes  as  it  is  conceived  may  best  illustrate  genml 
principles  and  tend  to  elucidate  the  philosophy  of  our  subjetL 

§  903.  We  must  first,  however,  advert  to  the  prinripla 
upon  which  the  ultimate  analysis  of  organic  substances  is  on- 
du(,-ted,  the  application  of  which  to  practice  with  all  its  resulti, 
api>ears  so  simple  in  description,  as  to  excite  perpetual  wondw 
at  the  slenderness  of  the  foundation  upon  which  so  rut  ■ 
structure  has  been  reared, 
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$  904.  The  process  in  fact  consists  in  the  simple  tnd  coot 
plete  combustion  of  minute  but  accurately  determined  qnintitici 
of  the  organic  substance  by  means  of  pure  oxygen  gu,  or  bv 
mixing  it  with  some  solid  body  capable  of  furnishing  oxjfai  to 
it  on  the  application  of  heat;  and  the  accurate  estimation  of  ^ 
results.  The  carbon  is  thus  converted  into  carbonic  add}  tfal 
hydrt^en  into  water,  and  from  the  known  composition  of  dwi 
compounds,  their  elements  are  calculated ;  the  nitrogen  cm^m 
combination,  and  its  quantity  may  be  determined  by  a  ■qmto 
process.  ,^^^ 

It  is  nay  to  conceive  the  scmpalons  care  which  it  is  n^^l 
aaiy  to  obaerve  in  theie  umple  operations:  to  obtain  the  S^}^ 
stance  to  be  analysed,  whii^  never  exceeds  from  ^  to  9  ^raiiu 
in  qoantity^  in  ft  itate  ctf  parity,  and  free  from  hygromcthc 
water,  and  in  general  in  dl  the  operations  of  weighing 
meuaring.  The  neceaaary  pncaationa  are  described  in  "  ' 
mannala  of  manipnlation,  bat  would  be  here  misplaced. 
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$  905.  Ttie  combustion  by  pure  oxygen  gas  is  best  per- 
formed in  an  apparatus  contrived  by  Dr.  Prout^  and  is  upon  the 
whole  the  most  complete.  It  essentially  consists  of  two  siphon 
gasometers  of  glass  accurately  divided  into  cubic  inches  and 
hundredth  parts,  which  are  connected  together  at  their  upper 
ends  by  a  tube  of  green  glass,  containing  the  substance  to  be 
burned  mixed  with  black  oxide  of  copper,  and  fitted  into  two 
double-way  stop-cocks  opening  or  cutting  off  communication 
with  the  air  or  with  the  gasometers  at  pleasure.  A  long  spirit 
lamp  with  a  row  of  cotton  wicks  is  placed  under  the  tube,  so 
Eis  gradually  and  completely  to  envelope  it  in  flame  when 
required.  Both  the  siphon  tubes  are  filled  with  mercury,  and 
ifterwards  into  one  of  them  is  admitted  as  mucli  pure  oxygen 
IS  may  be  required  for  the  operation.  The  tube  is  then  gradually 
brought  up  to  a  red  heat,  and  the  oxygen  passed  through  it 
Prom  one  gasometer  to  the  other  by  the  pressure  of  a  small 
column  of  mercury,  regulated  by  a  funnel  with  a  stop-cock 
placed  on  the  top  of  each  siphon.  Tlie  organic  substance  is 
thus  completely  burned,  first  by  the  reduction  of  the  heated 
oxide  of  copper,  and  afterwards  more  completely  by  the  oxygen 
passed  over  it,  which  at  the  same  time  reoxidates  the  copper 
and  leaves  it  in  its  original  state.  After  the  operation  the 
apparatus  is  allowed  to  stand  till  every  part  lias  acquired  its 
original  temperature,  and  then  the  volume  of  the  gas  is  accu- 
rately observed,  and  it  is  almost  unnecessary  to  add,  that  not 
only  must  the  thermometer  but  the  barometer  be  noted  for  the 
purpose  of  applying  any  correction  for  changes  which  may 
have  occurred  (168). 

(168)  A  B,  in  the  following  figure,  is  a  platform  furnished  ^vith  four 
lerelling  screws  c  c.  Into  this  platform  are  fixed  perpendicularly  four 
^Uara  oe  de  supporting  a  smaller  platform  ff,  which  may  be  fixed 
ir  removed  at  pleasure  by  the  pins  ab  ab;  1 1  are  glass  tubes  graduated 
a  hundredths  of  a  cubic  inch,  and  cemented  at  bottom  into  semicir- 
alar  iron  tubes  inclosed  in  the  blocks  k  k.  These  tubes  are  furnished 
)t  bottom  with  iron  stop-cocks  s  s  for  drawing  off  the  mercury  when 
t  may  be  necessary.  Into  the  other  ends  of  these  semicircuhur  tubes 
oe  likewise  cemented  the  smaller  glass  tubes  l  l,  a  little  longer  than 
he  tnbes  z  i,  and  forming  with  them  when  taken  together  inverted 
iphom.  On  the  top  of  each  smaller  tube  is  a  funnel  r  r,  furnished 
nth  astop-oock  to  allow  mercury  to  flow  into  them  with  any  required 
rdoeitj.  On  the  tops  of  the  longer  tubes  i  x  are  cemented  the  two- 
fij  tfeop-oocka  X  K. 

On  the  pktfbrm  ff  is  a  thin  piece  of  wood  x  capable  of  bemg 
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§  SOS.  Supposing  the  substance  to  have  connstcd  d 
carbon,  hydrogen,  and  oxygen  alone,  one  of  these  three  thinp 
must  have  happened : — 

1st.  The  original  balk  of  the  oxygen  may  remain  the  same; 


raiGcd  or  depreued  bj 
the  screns  o  a :  w  dui 
the  spirit  lamp  4  it 
placed  at  any  diitnce 
that  may  be  nqmnd 
from  the  combutiai 
tube  p. 

When  the  appanlH 
is  to  be  employed,  M 
tbe  BiphoD-gasoBefan 
I  L  I  L  are  to  be  flM 
with  mercury.  Tbe  tilt 
I  is  then  to  be  filled  wiA 
any  quantity  of  oir^ 
that  may  be  Teqtiind, 
generated  ftom  chloiM 
of  potassa.  The  tabe  r 
con  taini  ng  the  snbftiBtt 
to  be  analyzed  is  thm  •» 
be  firmly  fixed  betna 
the  cocks  h  m  and  nb- 
jected  to  heat,  iwsif 
irhich  the  oxygen  ii  to 
be  transferred  60m  b- 
phoQ  to  siphon  thnn^ 
tbe  red-hot  tube  with 
any  velocity  that  maj  bt 
required,  and  vrhicbin^ 
be  regulated  by  mesu 
of  one  of  the  stop-cocb 
of  the  fiinnels  rii,*bJ 
the  stop-cock  8  of  tbe 
opposite  siphon. 

The  capacity  of  th* 
gasometers  may  be  in- 
creased by  a  bulb  near 
the  lop  of  the  laipr  leg 
of  tbe  siphon,  as  ibowi 
by  the  dotted  Udm  ia 
y      the  figure. 
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n  which  case  the  hydrogen  and  oxygen  in  the  substance  must 
lave  existed  in  it  in  the  same  proportions  in  which  they  exist 
n  water ;  or, 

2ndly.  The  ori^nal  bulk  of  the  gas  may  be  increased,  in 
rhich  case  the  oxygen  must  have  existed  in  the  substance  in  a 
ireater  proportion  than  in  water. 

3rdly.  The  bulk  may  be  decreased,  in  which  case  the  hydrogen 
Qust  have  preponderated. 

It  is  obvious  that  in  the  first  of  these  cases  the  composition 
nay  be  determined  by  simply  ascertaining  the  quantity  of  car- 
>onic  acid  yielded  by  a  known  weight  of  the  substance ;  while 
A  the  other  two  it  mav  be  calculated  from  the  same  data  and 
observations  of  the  excess  or  deficiency  of  the  original  buik  of 
the  gas  employed.  If  nitrogen  should  have  been  present  in  the 
substances  burned,  its  amount  may  be  determined  by  an  exami- 
nation of  a  portion  of  the  products,  which  may  easily  be  with- 
drawn for  that  purpose. 

§  907.  The  more  usual  process,  however,  is  to  calcine 
the  organic  substance  properly  mixed  with  oxide  of  copper,  or 
)Ure  chromate  of  lead,  as  sources  of  oxygen ;  and  to  condense 
he  carbonic  acid  in  a  weighed  solution  of  pure  potassa  and  the 
»^ter  in  a  tube  containing  chloride  of  calcium,  and  ascertain 
he  increase  of  weight  (169). 


(169)  This  sketch  represents  the  apparatus  by  which  this  process 
^  usually  conducted,  ghd  is  a  small  chaffer  of  sheet  iron.  The 
Ombustion  tube  a  of  hard  glass  is  placed  in  it  with  its  open  end 
"^ecting  about  1|  inch,  so  that  the  cork  by  which  the  water  tube  b 
^  attached  to  it  may  not  be  in  danger  of  charring.     In  the  end  of  the 

v" 
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Bitter  a  little  cotton  wool  is  placed,  and  then  it  is  filled  with  fresh 
osed  chloride  of  calcium  and  a  little  more  cotton.  The  potash  bulb- 
abe,  the  invention  of  Liebig,  klm^  consists  of  a  tube  on  which  are 
»lown  fine  bulbs :  the  three  interior  communicating  by  pretty  wide 
»penings,  but  each  outer  bulb  separated  from  the  others  by  a  couple 
if  inches  of  tube.     The  figure  shows  the  form  into  which  the  tube  is 

2r 
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Nothing  is  to  be  feared  in  this  process  from  hygrometric 
moisture ;  and  the  carbonic  acid  and  water  being  ascertained  by 
gaseous  measure  instead  of  weight,  are  susceptible  of  most  accu- 
rate determination. 

§  908.  The  nitrogen  may  be  determined  in  two  ways; 
either  by  collecting  it  in  the  free  state,  as  gas,  or  by  converting 
it  into  ammonia  and  forming  the  ammonio-chloride  of  platmom. 

The  material  employed  in  this  latter  case  is  a  mixture  of  one 
part  of  hydrate  of  soda  and  two  of  lime,  or  one  part  of  hydnte 
of  potassa  and  three  of  lime,  which  is  to  be  mixed  with  tk 
weighed  substance  in  a  warm  and  dry  porcelain  mortar,  wd 
introduced  into  a  combustion  tube  connected  with  an  appantni 
with  three  bulbs,  containing  some  pure  hydrochloric  add 
(sp.  gray.  1.130).  The  products  of  the  combustion  are  passed 
through  the  acid,  which  absorbs  the  whole  of  the  ammonii 
which  the  nitrogen  forms,  and  a  solution  of  pure  chloride  of 
platinum  in  excess  is  added  to  the  liquid,  and  the  whok  is 
evaporated  to  dryness.  The  dry  residue  is  then  treated  with  i 
mixture  of  two  volumes  of  alcohol  and  one  of  ether  to  remove 
the  excess  of  the  chloride  of  platinum,  and  the  ammonio-chlonie 
of  platinum  may  be  collected  on  a  filter,  dried  and  wdghed. 
From  its  weight  the  amount  of  ammonia  and  consequently  of 
nitrogen  is  easily  calculated. 

The  oxygen  is  always  determined  as  loss  on  the  original 
weight  of  the  substance. 

For  liquid  and  other  volatile  substances  these  processes  aie 
easily  modified  by  placing  them  in  tubes  or  bulbs  of  glass  netf 
the  closed  end  of  the  combustion  tube. 

§  909.  We  thus  ascertain  from  a  given  weight  of  any 
organic  substance  the  amount  per  cent,  of  carbon^  hydrogen, 

bent,  and  the  proportions  of  the  several  bulbs.  The  three  cental 
bulbs  are  nearly  filled  with  a  strong  solution  of  caustic  potasB) 
and  the  apparatus  attached  to  the  small  tube  t  of  the  water  tabi 
by  a  connector  of  caoutchouc  tied  very  carefully  on.  It  is  to  W 
adjusted  to  such  an  inclination  as  that  the  carbonic  add  may  pa0 
in  bubbles  from  bulb  to  bulb  without  danger  of  expelling  any  portisB 
of  the  liquid.  Ignited  charcoal  is  first  placed  round  the  first  tkrtf 
inches  of  the  tube ;  and  added  gradually  by  means  of  the  soreeas  ej, 
which  are  slowly  withdrawn  from  one  end  to  the  other  of  the  fimaff 
so  as  progressively  to  heat  the  whole  of  the  tube  to  a  bright  red. 
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sn,  and  nitrogen^  in  its  constitution ;  as,  taking  pure  cane 
'  for  an  illustration,  we  find  it  to  be  constituted  as  follows : 

C  .  .  .  42.4 
H  .  .  .  S,5 
O        .         .         .    51.1 

100. 


lut  as  the  law  of  definite  equivalent  proportions  holds  no 
in  the  most  complicated  organic  product  than  in  tlie  simplest 
^nic  compound,  we  require  to  know  from  these  results  in 
parts  the  number  of  equivalents  of  each  ingredient  in  a 
e  equivalent  of  the  sugar.  For  this  purpose  we  divide  the 
int  of  the  carbon,  hydrogen,  and  oxygen  respectively  by 
simple  equivalent  numbers,  and  we  obtain 

C        .        .     ^  =  7.06 

H  .     —  =  6.60 

O        .         .     —  =  6.35 

8 

essive  of  the  relative  numbers  of  the  equivalents  of  each 
^ent.  The  nearest  whole  numbers  which  correspond  to 
3  are  found  by  a  simple  calculation  to  be 

C  ...     12 

H         ...     11 
O  ...     11 

§  910,  We  obtain  the  most  satisfttctory  confirmation  of 

a  result  when  the  compound  thus  analyzed  is  found  to 

r  into  combination  with  other  bodies  in  the  proportion  of 

quivalent  thus  ascertained,  or  some  multiple,  sub-multiple, 

l)vious  modification  of  it. 

$ugar,  when  exposed  to  a  temperature  not  exceeding  420® 
renheit,  first  melts  and  then  gives  off  water,  leaving  a  sub- 
ce  which  is  known  by  the  name  of  caramel.  If  the  heat 
»irried  beyond  the  degree  specified  inflammable  gases  are 
n  off,  and  the  constitution  of  the  compound  is  completely 
:en  up.  Caramel  is  composed  of  C^  Hg  O9,  which  appears 
e  the  true  organic  radicle ;   for 

C12,  Hg,  O9     +     2  HO  =r  Cane  sugar. 
C,2,  Hg,  Og     +     3  HO  =  Grape  sugar. 

2r2 


c 


1«>      Hj^      Og       + 
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§  911.  Sugar,  moreover,  enters  readily  into  combinatioD 
with  certain  inorganic  bases,  and  the  constitution  of  such  com- 
pounds is  easily  determined  by  burning  off  the  organic  ndide. 

The  results  are  as  follows : 

RaO  f  C^™?^'"^^  ^^*^  baiyta. 

Ci£,  Hgy  O9  +   p  /\  f  Compound  with  lime. 

C^e)  Hq,  Og  4-  2PbO    Compound  with  oxide  of  lead. 

It  is,   however,  unfortunately  not  often  that  such  conTincing 
proofs  can  be  obtained  of  the  correctness  of  an  organic  analjaL 

§  912.  It  is  not  easy  to  devise  a  good  classification  oftke 
merely  unorganized  products  of  organization  with  which  akw 
we  are  at  present  concerned.  The  rapid  transition  state  of  tlie 
whole  subject  seems  to  set  permanent  arrangement  at  defianoe; 
but  perhaps  they  may  be  usefully  divided  into  two  groups,- 
the  Alimentary  (or  such  as  are  adapted  to  the  assimilatioD 
and  growth  of  plants  and  animals)  and  the  Non-Alimsntait. 
Under  these  two  heads  a  subdivision  may  be  made  as  fbllowi^ 
at  least  of  such  as  we  shall  hereafter  have  occasion  to  refer  to: 

ORGANIC  PRODUCTS 


Alimenlary. 

Non^AUmentatj. 

Sugar. 

Acids. 

Starch. 

Bases. 

Lignin. 

Neutral  principles. 

Mannite. 

Volatile  oils  and  resioi. 

Gum. 

Wax,  &c. 

Pectin. 

Colouring  matten. 

Gluten. 

• 

Fats  and  fixed  oils. 

■ 

Albumen. 

Fibrin. 

Casein. 

Gelatin. 
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Sugar,  Starch^  Gum^  &c. 

§  913.  From  the  analysis  of  sugar  which  we  have  already 
sufficiently  detailed  it  will  be  seen^  that  the  oxygen  and  hydrogen 
which  exist  in  it  are  in  the  exact  proportions  which  together 
form  water;  and  this  is  the  case  with  all  its  varieties^  which  may 
be  considered  as  differing  from  one  another  in  the  amount  of 
water  which  they  contain.      MM.  Gay  Lussac  and  Thenard 
proposed  to  divide  organic  substances  upon  this  principle^  into 
nch  as  contained  oxygen  and  hydrogen  in  exact  combining 
proportions   (or    neutral    substances)^    those  which    contained 
bydrogen   in   excess    (or  inflammable    substances),   and  those 
viiich  contained  oxygen  in  excess  (or  acids).     This  distinction 
is  still  useful^  though  the  progress  of  science  has  shewn  it  to  be 
not  absolute.     It  was  not  supposed  that  the  oxygen  and  hydro- 
gen in  the  neutral  substances  were  actually  combined  in  the 
•tate  of  water,  and  yet  it  is  highly  probable,  that  a  portion  of 
^ihese  elements  exists  in  them  as  the  constitutional  water  or 
^■^Bter  of  crystallization  of  inorganic  substances,  while  another 
portion  enters  more  intimately  into  their  essential  constitution. 

§  914.  The  first  three  substances  in  our  list  of  alimentary 
Pnxlucts  all  belong  to  the  neutral  class,  and  in  many  of  their 
^^eties  are  isomeric.  The  ultimate  analysis  of  starch  gives  the 
following  formula  for  its  equivalent, 

^'^d  in  combination  with  oxide  of  lead — 

Ci«,  Hp,  Op     +     2  PbO 

The  formula  for  lignin  comes  out — 

^*^ile  that  of  gum  is — 

Ci«»  Hji,  Oil 

§  915.  Starch,  however,  from  late  researches  has  been 
"^^xid  to  be,  not  only  an  organic  but  an  organized  substance, 
^^ci  as  such  would  not  fall  within  the  intended  compass  of  our 
I^^'^sent  observations.  It  appears  by  examination  with  the 
Microscope,  that  each  grain  has  a  species  of  envelope  which 
^^trounds  the  interior  part  consisting  of  concentric  layers  of 
^^equal  thickness.     The  former  is  unacted  upon  by  cold  water; 
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but  imbibes  water  at  140°,  which  combining  with  the  interior 
contents  of  the  cells  swells  and  bursts  them.     When  grains  of 
starch  are  rubbed  in  a  mortar  with  sand  their  coating  is  broken, 
and  then  even  cold  water  will  expand  the  mass  and  form  with  it 
a  transparent  jelly.     The  water  does  not  in  this  manner  dissolve 
it,  for  the  jelly  so  produced  may  be  dried  upon  blotting  piper 
and   restored   to   its   former  state.      Boiling   water,   howerer, 
dissolves  the  interior  portion  of  the  cells,  which  may  be  sepi- 
rated   from   the   integuments  which   constitute  three  or  four 
thousandths  of  the  whole,  by  filtration.     It  seems  more  than 
probable  that  the  whole  of  the  organization  is  not  destroyed 
even  by  this  treatment. 

§  916.  Lignin,  or  the  basis  of  woody  fibre,  one  of  & 
purest  forms  of  which  is  well-bleached  flax  or  linen,  is  abo 
probably  an  organized  substance,  consisting  of  cells,  inclosing 
the  true  ligneous  matter,  which  is  dissolved  by  strong  nitric  aril 
which  does  not  act  upon  their  integuments. 

§  917*  Mannite  is  a  compound  which  has  many  am- 
logics  with  sugar,  but  differs  from  it  in  having  an  excess  of 
hydrogen;  its  formula  being  CgH^Og.  It  is  the  sweet  principle  of 
manna,  and  exists  also  in  mushrooms.  When  manna  is  digested 
in  boiling  alcohol  and  the  liquor  filtered  while  hot,  it  crystaliiia 
from  its  solution  in  white  tufts  of  needles.  Its  taste  is  sligbdf 
sweet.  It  is  very  soluble,  and  it  may  be  kept  in  fusion  by  lai 
without  loss  of  weight. 

§  918.  Gum.  The  juices  of  plants  very  commonly  odd- 
tain  gum  or  mucilage,  which  often  exudes  from  their  barks  and 
collects  into  drops  which  are  soluble  in  water  but  not  in  alcohol 

§  919.  Pectin,  or  vegetable  jelly,  is  a  substance  betf- 
ing  many  analogies  with  mucilage  and  abounds  in  the  jmcet  d 
many  fruits  and  roots.  It  may  readily  be  obtained  by  fiherng 
the  juice  and  mixing  it  in  alcohol.  After  some  hours  die 
pectin  separates  as  a  tenacious  jelly.  It  may  be  collected  oi 
a  filter,  washed  with  alcohol,  and  dried.  It  forms  a  transpwe"^ 
mass  like  isinglass,  when  immersed  in  water  it  swells  up,  vi 
one  part  with  one  hundred  parts  of  water  yield  a  firm  jcDf* 
The  result  of  its  ultimate  analysis  gives  a  formula  very  iSSoff^ 
from  that  of  gum,  viz.: 

C24  H,7  Og5 
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Table  XLVL     Sugars  and  their  Congeners. 


Name. 


x;h 


lin 
lin 
Q  arable 

:trin     . 


e  sugar 


ye  sugar 

kinel  •  • 
ir  of  milk  . 
hroora  sugar 
Dite    . 


Whence  obtained. 


^Arrowroot 

Sago 

Tapioca 

Salop 

Dahlia  roots 

Pure  vegetable  fibre 

Acacia  arabica,  Sec, 

j  Action  of  heat,  diastase,  &c. 
(     on  starch 

[Sugar  cane 

^  Maple  sugar 

Beet-root  sugar 
/^Starch  sugar 

Diabetic  sugar 

Honej  sugar 

Sugar  of  fruits 
Bj  melting  sugar 
From  milk 
Ergot  of  rye 
Juice  of  Fraxinus  omus,  &c. 


Formula. 


I 


Pii  "10  ^10 

Cj,  Hg    O^  aq 

Ci8  Hg    Oe 
Ci«  H|j  On 

^12    ^iQ   Ojo 


Ci2  H|i  On 


Cig  Hjg  0x2, 2aq 

Ci£  Hg    Op 

^18  Hi3  Oi3 
06    Uj    O, 


§  920.  Gluten,  the  tenacious   substance  which  remains 

the  starch  has  been  washed  out  of  wheat  flour  by  cold 

,  is  composed  of  two  substances  which  may  be  separated 

each  other  by  boiling  alcohol^  which  dissolves  gluten  and 

I  a  vegetable  albumen  behind.    The  gluten  may  be  pre- 

ted  by  mixing  the  solution  with  cold  water,  collected  and 

The   results   of   the   analysis  of   gluten   by  different 

ists  are  not  consistent  with  each  other;  but  it  appears  to 

from  the  preceding  substances  in  containing  nitrogen. 

will  not  excite  surprise  to  find,  that  compounds  so  closely 

bling  one  another  as  these  neutral  substances  should  by 
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slight  causes  affecting  the  arrangement  of  their  parts  be  con- 
vertible into  each  other.  Thus,  sugar  may  be  produced  fiom 
starch  and  lignin  by  long-continued  boiling  with  dilute  lul- 
phuric  acid,  in  which  process  the  acid  undei^goes  no  change, 
and  may  be  separated  from  the  product  by  chalk  in  the  form  of 
sulphate  of  lime. 

§  921.  When  dry  starch  again  is  heated  in  an  oven  it 
becomes  brown  and  soluble  in  water,  and  is  converted  into  a 
species  of  gum  which  is  very  extensively  used  in  manu&ctuie. 
It  also  precedes  the  full  formation  of  sugar  in  the  process  of 
boiling  with  dilute  sulphuric  acid.  It  has  received  the  name  of 
Dextrin  from  its  effect  upon  polarized  light,  the  plane  of 
polarization  being  turned  by  its  solution  to  the  right. 

Fats,  Fixed  Oils,  &c. 

§  922.  The  fats  and  fixed  oils,  which  are  very  numerous 
and  constitute  a  large  part  of  the  class  of  inflammable  organic 
products,  in  which  hydrogen  predominates,  we  can  only  now 
describe  by  their  general  characters.     They  chiefly  consist  of 
mixtures  of  two   simple  fats,    stearin   and    margarin^   and  a 
simple  oil,  elainy  accompanied  by  smaller  portions  of  other  &ti 
or  oils  which  are  often  peculiar  to  particular  plants  or  animals. 
They  may  be  regarded  as  natural  compounds  of  certain  organic 
acids  with  an  organic  base,  to  which  the  name  of  glycerin  has 
been  given  from  its  sweet  taste.    The  latter  may  be  separated 
by  boiling  the  oil  or  fat  with  a  solution  of  caustic  alkali  or  oxide 
of  lead,  which  displaces  it  with  the  acid  and  forms  compounds 
which  are  well  known  by  the  name  of  soaps  and  plasters.    Tte 
separates  from  the  liquid  which  contains  the  glycerin,  whidi 
after  neutralizing  any  excess  of  alkali  by  tartaric  acid  may  be 
evaporated  to  a  thick  syrup,  from  which  strong  alcohol  will 
dissolve  out  the  glycerin.     It  cannot  be  obtained  in  the  solid 
form,  but  in  its  state  of  greatest  exsiccation,  it  is  colourless,  and 
has  a  specific  gravity  =  1 .26. 

Its  ultimate  analysis  gives  its  equivalent 

Ca  Hy  O5  +  HO 

§  92.3.  Stearic  acid  may  be  obtained  pure  by  saponifying 
stearin  by  potash,  and  decomposing  the  stearate  of  potassa  by 
means  of  warm  dilute  muriatic  acid.    The  stearic  acid  precipi- 
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tates,  and  after  washing  is  dissolved  in  boiling  alcohol^  whence 
it  crystallizes  on  cooling  in  brilliant  white  plates. 

Its  composition  is  C^^  H^ej  O5+2HO ;  and  the  composition 
of  stearin, 

2(C«,H,e,  O,)   +  (Ca,H7  0,)  +  2H0 

§  924.  Margaric  acid  is  prepared  from  margarin,  which 
exists  along  with  stearin  in  most  fats^  by  precisely  the  same 
kind  of  process  as  the  stearic  acid.  On  solidifying  it  crystal- 
lizes in  white  needles  which  melt  at  a  lower  point  than  the 
stearic  acid :  the  fusing  point  of  the  former  being  140°,  and  of 
the  latter  158°. 

Its  formula  is  C31,  H33,  O3  +  HO :  and  that  of  margarin, 

2  (C34  H33  O3)  +  (c,  H,  o,)  +  no 

Margarin  is  separated  from  stearin  by  ether,  which  dissolves 
the  first  but  not  the  last. 

§  925.  Elaic  or  oleic  acid  is  obtained  from  elain  by 
saponification  with  a  strong  solution  of  potassa.  The  oleate  of 
potassa  is  then  decomposed  by  muriatic  acid,  washing  the  oil 
which  separates,  and  drying  it  with  chloride  of  calcium.  It  con- 
geals at  a  temperature  below  20°  Fahr.,  into  a  mass  of  needles. 
Its  composition  is 

C44  H^  0,  +  HO 
The  composition  of  elain  is 

2  {C^  H39  O,)   +  (C«  H7  O5)  +  2  HO 

It  exists  in  small  quantity  in  the  various  solid  fats,  but  con- 
stitutes the  great  mass  of  the  liquid  fixed  oils  which  are  not 
drjring  oils.  The  expressed  oil  of  sweet  almonds  is  the  purest 
native  elain. 

§  926.  The  high  equivalent  numbers  of  some  of  these 
organic  principles,  considered  as  derived  from  their  ultimate 
analysis,  would  scarcely  have  commanded  our  full  confidence, 
inasmuch  as  the  proportions  of  their  ingredients  per  cent,  lie 
within  such  narrow  limits  as  to  confound  small  differences  with 
the  necessary  errors  of  experiment,  had  they  not  been  fully  con- 
firmed by  the  results  of  their  secondary  combinations,  but  all 
doobt  ceases  when  we  find  that  their  combining  proportions 
cui  be  made  up  of  the  sum  of  a  certain  number  of  equivalents 
of  their  dementary  constituents  so  as  to  agree  with  the  products 
of  thrir  combustion. 
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Table  XLVII.     Hydrates  of  the  Fatty  Acidt. 


Name. 

Whence  obtained. 

Formula. 

Bemju-b. 

Butyric 

Cow  and  goat  butter 

Ca   H«  0„aq 

Caproic 

do.        do. 

CigHj   03,aq 

Capric 

do.        do. 

Cj8  Hi4  Oj,  aq 

Suberic 
Azelaic 

(Cork,  by  action  of) 
1   nitric  acid         .    J 

Oleic  acid  by  nitric  . 

Cg  Hj  Oj,  aq 
C^  Ha  0,aq 

>Isomeric 

Sebacic 

( Distillation  of  oleic ) 
I     acid       .         .    j 

CjoHe  0„aq 

iEnanthjlic 
^nanthic     • 

( Castor  oil  by  nitric ) 
1     acid       .         •    j 

In  various  wines 

0,4  Uu  Oj,  aq 
Ci4  His  Oj,  aq 

]  Supposed  ti 
^oxides  of  tl 
J  same  radide. 

Pimelic 

Oleic  acid  by  nitric  . 

0,  H,  0„aq 

Butyroleic    . 

Butter    . 

C34  H,o  ^4»  ^1 

Phocenic 

Fat  of  dolphin 

0,0  H7    0»aq 

Cocostearic  . 

Cocoa-nut  oil  • 

C„  Ha,  0„  aq 

Sericic 

Oil  of  nutmegs 

Ca  H„  0»  aq 

Palmitic 
Ethalic 
Maiganc 
Stearic 
Oleic  . 

Palm  oil 
From  spermaceti 
Human  fat 
Most  hard  fats 
Most  fixed  oils 

Cse  Hj,  0„  aq 
0«  H„  0„  aq 
C«  H„  0„  aq 
C«,  H«i  O4, 2aq . 
C44  Hjj  O4,  aq 

^Isomeric. 

1  Supposed  tl 
^oxides  of  Mi 
Igarule  (Cj|Hj 

Elaidic 

Oleic  acid 

C„  He,  Oj,  2aq 

Neutral  Fatty  Bases. 

Glycerin       .|{'^;;j;*P™^'P'''}jo,  H.  O, 
Ethal  .         .  From  spermaceti       .ICig  Hjy  O 
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§  927.  The  organic  principles  which  we  have  next  to 

Lce  differ  from  the  preceding  in  all  containing  nitrogen  and 

ill  portions  of  sulphur  and  phosphorus  in  their  constitution^ 

it  appears  probable  that  they  are  products  both  of  animal 

[  vegetable  organization. 

Albumen^  Fibrin^  Casein^  &c. 

§  928.  Albumen  constitutes  the  white  of  eggs^  and  may 
obtained  in  a  solid  form  with  all  its  properties  unimpaired, 
evaporating  it  to  dryness  at  a  temperature  carefully  kept 
ow  120^.  It  also  constitutes  the  bulk  of  the  serum  of  the 
<od  of  animals.  When  the  solution  is  heated  to  between 
IP  and  150^  it  coagulates,  and  then  it  becomes  totally  in- 
uble  in  water. 

§  929.  Fibrin  is  the  basis  of  the  muscular  tissue  of 
mals,  and  forms  an  important  constituent  of  the  blood ;  in 
ich  it  exists  in  a  liquid  state  during  life ;  but  separates  after 
ith,  or  upon  extraction  from  the  body.  In  the  muscles 
ire  is  no  doubt  that  it  is  an  organized  state.  It  may  be  ob- 
ned  pure  from  the  blood  by  briskly  agitating  it  when  fresh 
iwn  with  a  bundle  of  twigs,  to  which  it  adheres  in  soft  tena- 
us  masses,  which  being  washed  and  digested  in  alcohol  and 
ler  may  afterwards  be  dried  and  constitute  pure  fibrin. 

§  930.  Casein.  The  curd  of  milk  consists  principally 
casein,  and  greatly  resembles  albumen,  from  which  it  differs 
incipally  in  not  being  coagulable  by  heat.    It  may  be  prepared 

adding  dilute  sulphuric  acid  to  skimmed  milk.  The  coagu- 
n  which  forms  is  to  be  washed  and  afterwards  digested  with 
'bonate  of  lead  to  get  rid  of  the  acid.    The  casein  may  then 

dissolved  in  water ;  the  solution  evaporated  to  dryness,  and 
ated  with  ether  to  dissolve  out  some  fat.  It  is  once  more 
{solved  in  water,  from  which  it  may  be  precipitated  by 
ohol. 

§  931.  Now  from  late  researches  it  appears  that  these 
ree  substances  are  all  also  products  of  vegetable  organization, 
e  have  already  stated  that  after  boiling  rough  gluten  in  alco- 
1,  an  insoluble  substance  remains  behind,  which  is  vegetable 
mmen.     It  is  moderately  soluble  in  water,  and  its  solution 
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coagulates  by  heat,  and  in  all  its  other   properties  it  exactly 
resembles  animal  albumen. 

From  the  juices  of  several  plants  a  substance  was  obtained 
by  Liebig  which  coagulates  spontaneously  and  differs  in  nothing 
from  fibrin:  and  casein  (legumin)  exists  in  peas  and  beans, 
from  which  it  may  be  separated  by  diffusing  them  in  powder 
through  water,  when  the  casein  will  be  dissolved  and  the  starch 
subside.  It  may  be  obtained  by  evaporation  in  mucous  trans- 
parent pellicles  upon  the  surface  of  the  liquid. 

§  932.  Now  the  ultimate  analysis  of  all  these  substances, 
as  performed  in  Liebig's  laboratory  at  Giessen,  shows  their 
constitution  to  be  the  same,  as  exhibited  in  the  following  tabk. 


Table  XLVIII. 


Albumen. 

Fibrin. 

CASEiy. 

Animal. 

TegetaUe. 

Animal. 

Vegetoble. 

Animal. 

VcfeUblc. 

Carbon       .     .     . 

54.48 

55.01 

54.56 

54.60 

54.96 

55.22 

Nitrogen    .     .     . 

15.70 

15.92 

16.72 

15.81 

15.80 

15.98 

Hydrogen  .     .     . 

7.01 

7.23 

6.90 

731 

7.15 

7.42 

Oxygen     .     .     . 

Sulphur      •     •      I 

22.81 

21.84 

22.82 

22.28 

22.09 

21^ 

Phosphorus     .     j 

100.       100. 

100. 

100. 

100. 

100. 

§  933.  When  albumen,  fibrin,  or  casein  are  dissdTed 
in  a  moderately-strong  solution  of  potassa,  and  heated  to  about 
120°,  the  small  portions  of  phosphorus  and  sulphur  which  they 
contain  are  removed  from  them  in  the  forms  of  phosphate  of 
potassa  and  sulphuret  of  potassium,  and  then  if  the  solution  be 
saturated  with  acetic  acid  a  gelatinous  substance  precipitates, 
which  is  the  same  from  all,  and  has  been  called  protein.  When 
washed  and  dried  it  is  yellowish,  hard,  easily  pulverized,  taste- 
less, and  insoluble  in  water  and  alcohol. 

Its  formula,  calculated  from  its  ultimate  analysis,  comes  out 

C40  H„  N,  O,, 
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and  albumen  and  fibrin  may   be  considered  as  compounds  of 
protein,  with  sulphur  and  phosphorus  in  different  proportions : 

Fibrin  and  the  albumen  of  eggs      lOPr  +   SP 
Albumen  of  serum  .         •         .     lOPr   +  S^P 

Protein  combines  with  both  acids  and  bases,  and  these  combi- 
nations are  said  to  confirm  its  equivalent  number. 

§  934,  Gelatin.  Animal  jelly  resembles  vegetable  jelly 
in  what  may  be  called  its  mechanical  proportions;  but  differs 
very  much  in  chemical  properties  and  constitution.  It  may 
be  obtained  from  the  skin  and  tendons  of  animals  by  boiling 
with  water,  when  a  jelly  will  be  obtained  upon  cooling,  which  by 
careful  drying  forms  a  brittle  semi-transparent  substance,  of 
which  glue  is  a  variety. 

The  composition  of  gelatin  from  its  ultimate  analysis  may 
be  represented  by 

C,3  H.0  N,  O, 


NON-ALIMENTARY  PRINCIPLES. 

Organic  Acids. 

§  935.  Some  of  the  inorganic  acids  which  we  have  already 
examined  occur  amongst  organic  products,  particularly  the 
phosphoric,  the  hydrochloric,  and  the  sulphuric ;  but  it  is  with 
the  acid  compounds  of  carbon,  oxygen,  and  hydrogen  that  we 
have  at  present  to  do.  These,  which  are  strictly  products  of 
oiganization,  agree  in  their  general  properties  with  the  first  class 
of  acids,  completely  saturating  the  salifiable  bases,  and  in  the 
process  of  electrolysis  making  their  appearance  at  the  zincode 
of  the  battery.  The  oxalic  acid,  which  is  a  binary  compound 
of  carbon  and  oxygen  only,  we  have  already  sufficiently  de- 
scribed. It  is  a  product  of  vegetable  organization,  and  exists 
in  the  form  of  an  acid  salt  of  potassa  in  several  species  of  plants, 
as  the  oxaUs  and  rumex.  It  ako  occurs  in  combination  with 
Hme  in  several  lichens. 

§  936.  The  ternary  add  compounds  were  supposed,  by 
MM*  Gay  Lossac  and  Thenard  to  be  characterized  by  having 
more  oxygen  in  their  constitution  than  would  be  required  to 
oonvMt  tiie  whole  of  their  hydrogen  into  water ;  but  this  dis- 
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tmction  is  not  absolute.  Of  the  almost  numberless  variety 
which  this  class  includes  we  will  proceed  to  examine  a  few, 
derived  both  from  vegetables  and  animals,  to  which  some  pecu- 
liar interest  attaches,  or  which  we  shall  require  for  the  illustra- 
tion of  the  general  principles  which  is  the  object  of  the  present 
summary. 

§  937*  The  acetic  acid  exists  in  the  juices  of  many  plants 
in  combination  with  potassa,  and  like  the  oxalic  acid,  with  the 
same  base  passes  into  carbonate  of  potassa  by  incineration.  It 
is,  however,  derived  from  other  sources  which  we  shall  ]»«- 
sently  describe,  for  its  economical  applications,  which  are  Tery 
numerous  and  important. 

Like  the  acids  which  we  have  already  noticed,  it  is  only 
known  in  combination  with  water  and  salifiable  bases.  The 
hydrated  acid  crystallizes  at  temperatures  below  62^,  in  colour- 
less, transparent  scales.  It  is  a  liquid  at  62^,  of  the  specific 
gravity  1.063,  of  a  very  agreeable  penetrating  odour,  and  a 
most  pungent  acid  taste.  It  boils  at  248^,  and  distils  without 
change,  and  its  vapour  is  inflammable.     Its  formula  is, 

C4H3O,  +  HO 

from  which  it  will  be  perceived  that  there  is  no  excess  of  oxygen 
in  its  composition. 

§  938.  Tartaric  Acid  exists  very  commonly  in  firuits,  and 
in  combination  with  lime  in  some  roots.  Its  chief  source  is  the 
juice  of  the  grape,  which  deposits  it  in  the  form  of  bitartrate  d 
potassa,  or  tartar.  The  acid  is  obtained  by  dissolving  the  pore 
salt  in  boiling  water,  and  neutralizing  the  solution  by  carbonale 
of  lime.  Only  half  the  acid  at  first  is  thus  precipitated,  as  an 
insoluble  tartrate  of  lime,  and  the  remainder  is  thrown  down 
from  the  neutral  tartrate  of  potassa  by  chloride  of  calcium.  Tie 
tartrate  of  lime  thus  obtained  is  decomposed  by  sulphuric  acid, 
and  the  tartaric  acid  disengaged  is  separated  firom  ^e  sulphate 
of  lime  by  washing,  evaporation,  and  crystallization.  The 
crystals  are  white,  oblique  prisms  with  a  rhombic  base,  and  oft 
strongly  acid  agreeable  taste. 

It  is  a  bibasic  acid,  and  its  formula  is 

Cb  H^Oio  +  2H0 
§  939.  Now  it  is  curious  to  observe  that  this  oonstiMioB 
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may  be  represented  by  one  equivalent  of  hydrated  acetic  acid 
and  two  equivalents  of  hydrated  oxalic  acid : 

(CsH.OJ  +  2II0  =  (C.HjO,)  +  HO  +  2(0,03)  +  HO 

and  if  tartaric  acid  be  treated  at  a  high  temperature  with  a 
strong  solution  of  potassa  it  is  entirely  converted  into  acetate 
and  oxalate  of  potassa. 

§  940.  The  anhydrous  acid  may  be  obtained  by  exposing 
the  crystals  of  tartaric  acid  for  some  time  to  the  temperature  of 
302°  Fahrenheit  in  an  oil-bath.  By  a  proper  regulation  of  the 
temperature  it  may  be  made  to  part^  first  with  a  fourth  and 
then  a  half  of  its  water^  forming  modifications  of  the  acid^ 
which  have  a  considerable  analogy  with  the  phosphoric^  the 
pyro-phosphoric,  and  the  meta-phosphoric  acids.  This  will 
best  appear  by  doubling  the  equivalents ;  thus 

Anhydrous  tartaric  acid  =  Ci^  H„  O^ 

„         Tartrelic  acid  =  Cjo  Hg  Ogo  +  2  HO 

„         Tartralic  acid  =  Cj^  Hg  O^o  +  3  HO 

Crystallized  tartaric  acid  =  C^^  Hg  O^  +  4  HO 

Tlie  anhydrous  acid  is  insoluble  in  cold  water ;  the  salts  of 
the  tartrelic  and  tartralic  acids  vnth.  alkaline  bases^  are  not 
crystallizable ;  but  the  solutions  of  all  are  quickly  converted 
into  common  tartaric  acid  by  boiling. 

If  the  heat  be  increased  to  320°^  the  liquid  acid  becomes 
brown^  decomposition  takes  place^  and  two  new  acids  are  formed. 

§  941.  The  acid  produced  from  the  juice  of  grapes  grown 
in  the  district  of  the  Vosgcs,  presents  a  curious  instance  of 
tMomerism.  It  is  distinguished  by  the  name  of  para-tariaric 
acid  (racemic  acid).  Its  properties  differ  considerably  from 
those  of  the  tartaric.  It  appears  to  be  a  more  powerful  acid, 
and  decomposes  nitrate  and  sulphate  of  lime  and  chloride  of 
caldum,  with  the  precipitation  of  para-tartrate  of  lime.  Some 
of  the  properties  of  its  salts  differ  from  those  of  the  tartrates. 

The  results  of  its  ultimate  analysis  are  absolutely  identical 
with  those  of  the  tartaric;  but  as  it  is  a  monobasic  acid  it  may 
be  best  represented  by — 

C.HjOa  +  HO 

The  results  of  its  treatment  by  heat  are  anal<^;ous  to  those  of 
the  tvtaric  acid. 
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§  942.  Benzoic  Acid.  This  acid  exists  in  serenl 
resins,  and  may  be  obtained  by  cautious  sublimation  from 
benzoin.  Or  it  may  be  combined  with  lime  by  boiling  die 
resin  with  that  base,  and  afterwards  precipitated  by  moriatie 
acid.  It  is  then  dissolved  in  boiling  water  and  allowed  to 
crystallize. 

Its  crystals  are  hexagonal  needles;  which,  when  pure,  ire 
inodorous,  and  sweet  and  pungent  to  the  taste.  It  reddens 
litmus  feebly,  melts  at  248^,  and  sublimes  unchanged  at  293^. 
It  is  very  inflammable,  and  bums  with  a  smoky  flame.  It 
forms  an  extensive  series  of  salts  with  the  different  bases. 

Its  formula  is,  C^  H^  O,  +  HO 

§  943.  Lactic  Acid  exists  naturally  in  many  animal  fluids, 
but  especially  in  milk.  When  the  latter  becomes  sour  it  con- 
tains this  acid  in  abundance.  To  obtain  it  pure  it  is  to  be  first 
neutralized  with  bicarbonate  of  soda,  evaporated,  and  the 
lactate  of  soda  taken  up  by  alcohol  at  100^  F.  Sulphuric  add 
added  in  proper  quantity  to  the  alcoholic  solution  forms  sulphate 
of  soda,  which  precipitates,  and  the  liquid  yields  lactic  add 
nearly  pure.  When  concentrated  to  the  utmost  by  evapcHHtiMiy 
it  is  a  thick  colourless  uncrystallizable  liquid,  specific  gravitj 
1.215,  without  odour,  and  having  a  strong  sour  taste. 

Its  formula  is,  Cg  H^  O5  +  HO 
and  this  agrees  with  its  combination  with  oxide  of  zinc. 

§  944.  This  acid  undergoes  a  singular  change  when  a- 
posed  to  a  temperature  of  482°  F.,  for  it  not  only  gives  off 
water,  but  undergoes  a  partial  decomposition,  and  sublimes  in 
white  crystalline  needles,  of  which  the  composition  is  C^,  H|,0« 
or  anhydrous  lactic  acid  minus  one  equivalent  of  oxygen  and 
hydrogen.  The  crystals  are  slowly  soluble  in  cold  water,  \fA 
very  readily  in  boiling  water,  when  the  acid  returns  to  the  strte 
of  hydrated  lactic  acid.  The  lactic  acid  readily  dissolves  pkoa- 
phate  of  lime,  wliich  some  acids,  and  particularly  the  acetic^ 
will  not  take  up. 

§  945.  Uric  Acid.  The  lithic  or  uric  acid  exists  in  the 
urine  of  all  carnivorous  animals,  and  in  the  white  part  of  the 
excrements  of  birds.  It  is  also  found  in  the  excrements  rf 
reptiles,  and  even  insects,  as  the  silkworm.     It  is  best  prepared 
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Tom  the  solid  excrements  of  serpents  by  boiling  with  a  solution 
)f  potassa.  A  solution  of  urate  of  potassa  is  thus  formed^ 
rom  which  an  excess  of  hydrochloric  acid  throws  down  the 
iric  acid  by  ebullition.  It  crystallizes  in  small  silky  scales; 
s  inodorous  and  insipid.  It  requires  10^000  parts  of  water  for 
ts  solution^  and  it  is  but  slightly  soluble  even  in  hot  water, 
ts  solution,  however,  feebly  reddens  litmus  paper.  It  is 
nsoluble  in  alcohol  and  ether,  but  is  taken  up  by  strong  sul- 
phuric acid,  from  which  it  is  again  precipitated  by  dilution  with 
rater.  It  combines  with  the  metallic  oxides,  and  the  urates 
f  the  alkalies  are  sparingly  soluble  in  cold  water,  but  more 
reely  in  hot.  They  are  all  decomposed  by  the  acetic  acid. 
The  formula  of  the  uric  acid  is, 

Co  N,  H,  O, 

§  946.  Allantoic  Acid;  this  acid  is  found  in  the 
Uantoic  fluid  of  the  cow,  or  urine  of  the  foetal  calf.  When 
he  fluid  is  concentrated  by  a  gentle  heat  to  one  fourth  of  its 
>alk,  it  deposits  on  cooling,  crystals,  which  may  be  obtained 
perfectly  pure  by  treatment  with  animal  charcoal.  It  is  taste- 
ess,  and  neutral  to  test  papers.  It  is  soluble  in  160  parts  of 
x>ld  water,  and  in  less  boiling  water. 

Its  formida  is,  C^  Ng  H,  O, 

§  947-  Formic  Acid;  the  acid  of  ants  is  a  product  of 
:he  organization  of  that  insect,  and  exists  in  it  in  a  very  concen- 
Tated  form.  It  may  be  obtained  by  distilling  the  ants  with  a 
ittle  water,  and  may  be  formed  artificially,  as  we  shall  here- 
ifter  show.  The  pure  hydrated  acid  is  a  colourless  liquid 
irhich  fumes  slightly  in  the  air,  and  its  odour  is  intensely 
)ungent;  specific  gravity  1.235.  It  acts  as  a  caustic  when 
ipplied  to  the  skin.  It  may  be  distinguished  from  acetic  acid 
>y  forming  a  precipitate  with  nitrate  of  silver,  which  deposits 
netallic  silver  upon  being  heated. 

Its  formula  is,  Cg  H  O3  +  aq. 

[t  combines  with  the  diffierent  bases  to  constitute  a  class  of  salts 
*alled  formiates. 
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Table  XLIX.    Hydrates  of  the  Orgarue 


Name. 

Whence  obtained. 

Fonmla. 

RcbmiIb 

I.    Naturai.  Acids. 

Acetic 

Juices  of  many  plants    . 

C«  HjO,    aq 

Oxalic 

Leaves  of  Ramex,  Oxalis,  &c 

Cg        0,    aq 

Benzoic 

Resins  of  the  Styracen  . 

C„U,0,.    aq 

Kinic 

Bark  of  the  CinchonacesB 

C,  UjOj,    aq 

Yalerianic  . 

Valeriana  officinalis 

C,„n,0,.    aq 

Lactic 

Milk  and  animal  fluids  . 

C«  HjO,,    aq 

Formic 

Uric 

Famaric 

From  ants 

Urine  of  camivora 

Fumaria  officinalis 

C,  U  Oy,    aq 
C,„N«U«0« 
C,  H  0„    aq 

knowi. 
with 

Racemic     • 
Tartaric 

Juice  of  the  grape 
Juice  of  the  grape 

C4  11,0^    aq 
Cg  H«0,o,2aq 

Malic 

Apples  and  fruits  in  general    . 

Cs  H4  Og,  2aq 

Gallic 

Nut  galls      .         •          .         . 

C,  H  0„  2aq 

Citric 

Fruits  of  the  Aurantiaceas 

C„H,0,„3aq 

Aconitic 

Aconite         .... 

CijHjOg,  3aq 

Meconic 

Milky  juice  of  Papaveracete    . 

C„  U  0,„  3aq 

Tannic 

Nut  galls  and  astringent  barks 

C,,HaO^  3aq 

Cinchonic  . 

Bark  of  Cinchonacese 

C„H,0e,4aq 

II.    Artificial  Act 

IDS. 

Pyrotartaric 

Tartaric  acid,  by  sublimation  . 

C5  H,  0„    aq 

Pyroracemic 

Racemic  ditto,  ditto 

C,  H,0»    aq 

1                       A  & 

Citraconic  . 

Citric  ditto,        ditto 

C,oU«0^    aq 

Is^ 

Pjromeconic 

Meconic  ditto,   ditto 

CoHjOj,    aq 

Pjrogallic  . 

Gallic  ditto,       ditto 

C«  H,0„    aq 

Metagallic  • 

Gallic  ditto,  by  heat 

CkH,0».    aq 

rOr  ■ 

Ellagic 

Fermentation  of  gallic  acid 

C,  H  0.    aq 

Tartralic     . 

Tartaric  by  fusion 

C,«UeO«,3*q 

|dei 

Tartrelic     . 

Ditto,         ditto 

C,flH,0«,2aq 

Itaconic 

Citric,  by  sublimation  • 

C,o  H,  0«,  2aq 

Malfeic 

Midic,          ditto     . 

C,  U,0^9aq 

Comemc     . 

\ 'M.ecoiv\c^\i3  \>ov\vTv\j^  \\a  «(Aution 

Ci,H,(V2aq 

.^ 
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$948.  The  organic  acids  often  exist  in  vegetables  and 

animals  in  a  state  of  combination  with  inorganic  bases^  and 

the  latter  constitute^  with  the  fixed  acids  which  we  have  noticed, 

the  ashes  which  are  left  after  their  complete  combustion;  but 

they  are  found  also  in  union  with  a  numerous  class  of  organic 

bases,  which  are  of  the  highest  interest  and  importance.     As 

the  organic  acids  are  capable  of  entering  into  combination  with 

all  the  salifiable  bases  of  the  mineral  kingdom,  so  are  these 

organic  bases  capable  of  forming  salts  with  the  mineral  acids, 

and  the  compounds  which  hence  result  are  literally  numberless. 

§  949.  The  discovery  of  the  class  of  vegetable  salifiable 
bases  is  one  of  very  modern  date,  and  it  was  not  till  the  year 
1816  that  morphia  was  first  extracted  from  opium,  or  the 
inspissated  juice  of  the  poppy.  When  once  the  idea  had  been 
promulgated  that  vegetable  alkalies  might  be  formed  by  organic 
processes,  chemists  began  to  hunt  for  them  with  great  diligence 
and  with  proportionate  success. 

They  greatly  resemble  one  another  in  composition,  and  are 
generally  characterized  by  containing  nitrogen  in  their  compo- 
sition. It  might,  therefore,  be  anticipated,  that  under  many 
circumstances  their  properties  would  be  very  similar,  and  in 
&ct  it  is  much  more  difficult  to  establish  specific  differences 
between  them  than  between  the  metallic  bases. 

They  do  not  exist  in  vegetables  in  an  uncombined  state,  but 

are  always  found  united  with  an  acid.     This  acid  is  sometimes 

peculiar  to  the  combination  or  to  certain  tribes  of  plants  in 

which  it  is  found,  as  the  meconic,  the  kinic,  &c.     They  are  very 

little  soluble  in  water;  but  their  salts  much  more  so.     This  is 

one  of  their  most  remarkable  characters.    Some  of  them  require 

as  much  as  16,000  parts  of  that  liquid  for  their  solution;   but 

they  are  a  little  more  taken  up  by  hot  than  by  cold  water. 

They  are  all  soluble  in  alcohol,  which,  especially  when  hot, 

takes  them  up  very  freely.     Many  of  these  bases  have  very 

decided  alkaline  characters:  they  turn  the  syrup  of  violets  green ; 

fliej  restore  the  colour  of  reddened  litmus,  and  possess  the 

jroiperly  of  completely  neutralizing  the  acids.    In  the  process 

of  dectiolysis  they  make  their  appearance  at  the  pUtinode  of 

Ae  battery^  but  the  exact  cation  which  travels  in  the  circuit 

3s2 
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has  not  yet  been  determined^   the   process  being'  difficult  to 
conduct  on  accoimt  of  the  insolubility  of  the  products. 

Their  affinity  for  the  acids  is  so  strong  that  they  can  pie> 
cipitate  the  greatest  part  of  the  non-alkaline  metallic  oxidei; 
but  as  they  are  themselves  so  extremely  insoluble  m  watff, 
they  are  precipitated  by  the  alkalies^  even  including  magnaai. 

§  950.  From  these  marked  properties  it  is  easy  to  eoB- 
ceive^  that  their  separation  from  their  native  compounds  camNk 
be  difficult.  They  are  found  combined  with  an  acid;  diis  leid 
which  is  soluble  forms  with  them  soluble  compounds;  it  ii 
sufficient,  therefore,  to  macerate  the  vegetable  in  water  ti 
obtain  this  salt;  the  vegetable  bases  are  insoluble  and  predpi- 
tated  by  the  soluble  alkalies,  so  by  adding  ammonia  to  Ikir 
solution  a  precipitate  is  formed;  this  precipitate  will  be  mini 
with  impurities  from  which  it  may,  in  some  degree,  be  finl 
by  washing;  they  are  taken  up  by  alcohol,  and  when  dried^ 
they  are  further  purified  by  solution  in  that  fluid;  ib\s  proces 
is  susceptible  of  advantageous  modifications  for  extractiiig  the 
different  bases,  but  by  such  means  they  may  all  be  obtained. 

We  will  proceed  to  give  the  constitution  of  two  or  dim 
species  for  the  sake  of  illustration  and  future  reference. 

§  951.  Morphia  is  one  of  several  alkaline  bodies  wbidi 
have  been  extracted  from  opium.  The  results  of  its  ultinate 
analysis  give  the  formula — 

which  agrees  with  the  equivalent  constitution  of  its  salts;  Ae 
hydrochlorate  of  morphia  being  composed  of — 

Morphia         .         *         •         .61 
Hydirochloric  acid  •         •         .37 

and  the  sidphate  of — 

Morphia         .         •         .  .61 

Sulphuric  acid        .         .         .49 

§  952.  Codeia  is  found  associated  with  morphia  in  Ae 
juice  of  the  poppy,  and  appears  to  differ  from  it  only  in  oob- 
taining  one  equivalent  less  of  oxygen,  its  analysis  givii^  Ai 
formula — 

C^  NHa,  Os 

It  is  remarkable  for  being  the  most  soluble  of  these  alkablr 


ORGANIC  BASES.  629 

sing  taken  up  by  two  parts  of  boiling  water.  Another  pair  of 
sgetable  alkalies^  differing  from  one  another  only  by  one  equi- 
dent  of  oxygen,  is  found  in  the  Peruvian  barks  or  varieties 
'  the  dnchtma. 

§  953.  Quinia  is  most  abundant  in  the  Cinchona  cordi- 
ftlto.  When  first  precipitated  by  ammonia  it  is  in  the  state  of 
hydrate,  which  fuses  at  a  temperature  of  about  300^,  and  parts 
ilii  the  whole  of  its  water.  Its  salts  are  mostly  crystallizable 
nd  intensely  bitter. 

Its  constitution  is,  C^q  NH|2  O^ 

§  954.  Cinchonia  predominates  in  the  pale  bark  of  the 
Hmehoma  Condamine;  it  crystallizes  mere  readily  from  its 
looholic  solution  than  the  preceding  base.  In  its  principal 
■operties  it  greatly  resembles  quinia. 

Its  formula  is,  Csq  NHi^  O 

§  955.  Strychnia  and  Brucia;  two  alkalies  which  occur 
together  in  different  species  of  strychnos,  differ  from  one  another 
in  the  number  of  equivalents  of  oxygen  and  hydrogen  which 
enter  into  their  composition. 

The  formula  of  Strychnia  is,  C44  Hg,  Ng  Og 
The  formula  of  Brucia        .    C44  Hj5  N^  O7 

They  both  act  as  violent  poisons  upon  the  animal  economy, 
^ut  the  first  with  most  fatal  energy.  Their  salts  are  mostly 
crystallizable. 

§  956.  Urea,  An  organic  salifiable  base  of  animal 
tigin,  which,  it  is  said,  exists  in  the  form  of  lactate  of  urea  in 
Uman  urine.  It  is  a  feeble  base,  but  combines  with  most  acids 
tld  forms  crystallizable  salts.  It  may  be  obtained  by  evapo- 
^ting  urine  in  a  water-bath  to  the  thickness  of  a  syrup.  After 
Doling,  a  strong  solution  of  oxalic  acid  is  added  to  it,  and  a 
tiecipitate  takes  place  which  is  oxalate  of  urea.  It  is  then 
cibbed  up  with  chalk  and  water  to  a  thick  cream,  when  all  acid 
faction  is  destroyed.  It  is  then  strained  and  evaporated 
dthout  boiling  to  a  small  bulk,  when  crystals  of  urea  are 
eposited  upon  cooling.  They  must  be  purified  by  a  second 
operation  with  animal  charcoal,  and  by  a  third  crystallization 
nay  be  obtained  colourless  and  inodorous.     Its  taste  is  acnd 
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and  bitter^  but  cooling  like  nitre.     The  formula  derived  &om 
ultimate  analysis  is 

Cj  Nj  H4  Oj 

We  shall  describe  a  mode  of  forming  it  artificially  hereift 


Table  L.     Organic  Bases. 


Name. 

Whence  obtained. 

Formula. 

BcnmkL 

Cinchonia 

Quinia 
Aricina     . 

(Bark  of  the  Cinl 
\     chonacese        .    | 

Ditto 

Ditto 

C«,N  H,gO 
Cgo  N  Hjg  O2 

Suppowdtl 

voxides  of 

sameradid 

Codeia 

Opium 

C«N  HjoOj 

)  Oxides  of 

Morphia    . 

Ditto 

C„  N  H«  0. 

(same    i»fi 

Narcotina 

Ditto 

C«N  Ha,  Ok 

(Liebig). 

Thebaia    . 

Ditto 

CesNII^O, 

Narceia     • 

Ditto 

CggN      HjgOjJ 

Pseudo -Morphia 

Ditto 

C„  N  H,a  0« 

(PeUetier.) 

Delphia     . 

( Delphinium      sta- 1 
i     pbjsagria        .    \ 

C„  N  H,j  0, 

Veratria   . 

J  Seeds  of  Veratrum  \ 
Sabadilla         .   ) 

C«  N  H«  Oe 

Nicotia 

Tobacco-leayes 

C,oN  He 

Solania 

Solanaceie     . 

C„,N  H„0„ 

Atropia 

Belladonna    . 

C„N  HjjOe 

Strychnia  . 
Brucia 

Nux  vomica 

Brucia   antidysen- ) 
terica     .         .   ) 

C««N,H«Oe 
C«N,H«Oj 

WRegnauIt). 

Jervia 

Veratrum  album    . 

C«,N,H«0. 

Chelidonia 

Chelidonium  majus 

C^N,H«0, 

Urea 

Urine  of  animals    . 

Cj  N,  H4  0, 

im 
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§  957-  Salicin  is  a  principle  which  abounds  in  the 
bark  of  those  species  of  willow  which  have  a  bitter  taste^  and 
may  be  separated  from  the  extract  by  digestion  with  oxide  of 
lead.  After  a  few  days  it  forms  a  mass  ef  crystalline  fibres 
which  may  be  purified  by  the  usual  processes.  It  is  very  white, 
and  possesses  a  very  bitter  taste;  it  dissolves  in  18  parts  of 
cold  and  one  of  boiling  water;  it  is  soluble  in  alcohol  but  not 
in  ether;  it  fuses  at  248°,  but  is  decomposed  at  a  higher 
temperature. 

Its  formula  is,  C«|  H^^  Oj,  +   2  HO 

It  contains  no  nitrogen  in  its  constitution,  and  does  not 
combine  with  acids,  nor  possess  other  alkaline  properties.  It 
forms  a  purple  red  solution  in  oil  of  vitriol,  by  which  test  it 
may  be  detected  even  in  the  dry  bark. 

§  958.  Phloridzin  exists  in  the  bark  of  the  roots  of  the 
various  species  of  apple,  pear,  plum,  and  cherry  trees.  It  may 
be  prepared  from  an  infusion  in  weak  spirit  at  120°.  On 
distilling  ofi*  the  spirit,  the  substance  crystallizes  from  the  re- 
maining liquid.  It  forms  brilliant  white  silky  plates  and 
needles.  It  is  readily  soluble  in  alcohol,  ether,  and  boiling 
water,  but  very  little  soluble  in  cold  water. 
The  formula  of  its  crystals  is, 

Cn  lln  0«  +   4110 

At  212°  it  parts  with  two  equivalents  of  water,  melts  at 
226°,  and  boils  at  350°. 

§  959.  Caffei/i  is  a  neutral  crystalline  principle  obtained 
from  coffee  berries  and  tea  leaves.  It  contains  a  large  portion 
of  nitrogen  in  its  constitution,  and  yet  has  no  basic  properties. 
It  may  be  obtained  from  an  infusion  of  either  tea  or  raw  coffee, 
by  precipitating  some  foreign  matters  by  subacetate  of  lead,  and 
throwing  down  the  excess  of  lead  by  sulphuretted  hydrogen, 
filtering  and  evaporating  the  liquid.  The  caffein  will  then 
acparate  in  crystals  on  cooling.  It  is  sparingly  soluble  in  cold 
water  and  alcohol.  It  possesses  a  weak  bitter  taste.  It  fuses 
■t  352^9  and  sublimes  below  its  point  of  fusion. 
The  formula  of  its  cqrstals  is, 

Qb  Ng  II3  Oe  +  IIO 
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Table  LL     Neutral  Crysiallizable  PrincipUs. 


Name. 

Whence  ohtained. 

Formula. 

1 

Salicin  .     • 
Phloridzin . 
Asparagin  . 
Caffein  .     . 
Piperin .     . 
Cantliaridin 
Amjgdiilin 

Dark  of  the  willow    .     .     . 
Bark  of  the  roots  of  apple  . 
Asparagus  plants  .... 
Tea  leaves  and  coffee  berries 

Pepper 

Cantharis  vcsicatoria     .     . 
From  the  almond      .     .     . 

C,iH„0^  2aq 
C,JI„Oa,  4aq 
C,  N    H,  03,aq 
Cs  N,  H5  O^aq 
C«N    H,gO^ 
Cio       Hg  O4, 
C40  N    Hjy  Oga, 

IgtaDoatre; 
jquiitf  an* 
'logooi. 

VOLATILE  OILS  AND  RESINS. 

§  9f)0.  The  volatile  oils  and  resins  exists  for  the  most 
part^  conjointly,  ready  formed  in  plants  as  secreted  by  their 
proper  organs. 

Tlie  essential  oils,  as  the  former  are  also  named,  may  he 
extracted  by  distillation  with  water :  for  although  their  boiling- 
l)oints  are  often  as  high  as  400%  they  emit  vapour  at  212^  of 
proportionate  density  and  tension,  which  passing  over  with  the 
steam  condenses  with  it,  and  the  two  liquids  immediately  sepa- 
rate. When  exposed  to  cold  they  generally  separate  into  ■ 
solid  and  liquid  portion  sometimes  designated  as  siearqpien  aod 
elacpten.  They  have  all  strong  peculiar  odours,  and  an  acri^ 
burning  taste.  Some  of  them  are  formed  in  the  process  of  dii* 
tillation,  by  changes  in  the  vegetable  matters  to  whidi  we  shaD 
hereafter  more  particularly  advert. 

§  961.  The  oils  which  pre-exist  in  the  plants  are  chano- 
terixed  by  not  dissolving  in  solution  of  potaaaa  and  being  U^itcr 
than  water.  They  combine  with  muriatic  acid  and  form  henry 
oily  aubatances,  and  by  treatment  with  chlorine  their  hydrogai 
is  abstracted  and  replaced  by  that  dement.  Thej  naj  ba 
divided  into  two  daases;  1st.,  those  which  are  pure  ioma  of 
hydrocarbon  and  are  iaomeric^  and  of  which  the  gemeiil 
is  C5  H4,  or  its  multiple:  and^  2nd.,  thoae  irtudi 
oxygen.    As  a  apedmcD  of  the  first  we  will  aekot 
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§  962.  Oil  of  Turpentine,  4  (C5  H4).  Turpentine  is  a 
1  known  semi-fluid  resin  which  flows  from  the  different 
Knes  of  the  pine.  When  it  is  distilled  with  water  the  vapour 
bhe  volatile  oil  passes  over  and  is  condensed.  It  is  a  colour- 
I  thin  liquid,  of  a  peculiar  odour.  When  perfectly  pure  its 
idfic  gravity  is  0.860,  and  its  boiling-point  312^.  It  is  very 
iunmable,  and  bums  with  the  deposition  of  much  carbon.  It 
but  sparingly  soluble  in  alcohol.  The  density  of  its  vapour 
about  5.010. 

The  volatile  oils  of  the  second  class  are  also  all  composed  of 
^drocarbon,  of  the  formula  C5  H4,  or  its  multiple,  combined 
itk  oxygen  or  the  elements  of  water.  They  are  rather  more 
•luble  in  water  than  the  oils  of  the  first  class.     We  may  take 

an  example 

§  963.  Oil  of  Lavender,  3(C5  HJ  +  H8  Oj.  It  is  a  well 
lown  essence  distilled  from  the  flowers  of  the  lavender.  Its 
our  is  very  firagrant  i  its  specific  gravity  0.896,  and  its  boiling- 
int  397^ 

§  964.  Camphor,  4(C5  H4)  +  20.  This  substance,  which 
obtained  from  the  natural  exudation  of  the  Laurus  camphor  a, 
lative  of  Japan,  and  also  by  distillation  of  the  wood  of  the 
Xke  tree,  may  be  taken  as  a  specimen  of  a  volatile  oil  which  is 
lid  at  ordinary  temperatures.  It  is  white  and  translucent, 
a  crystalline  structure,  and  somewhat  tough.  It  possesses  a 
culiar  taste  and  odour,  and  may  be  obtained  in  brilliant  crys- 
is  by  sublimation.  Its  specific  gravity  is  0.985 ;  it  fuses  at 
7°,  and  boils  at  399°. 
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Table  LIL    Essential  Oils. 


Name. 


Whence  obtained. 


FormuliL 


Benaria. 


1.  Not  containing  Oxygen. 


C»  H,g 


Turpentine    .     . 

Resin  of  Pinus  abies 

Juniper     .     .     . 

Berries    .     .     .     . 

Savine.     .     .     . 

Leaves     .     .     .     . 

Eiemi  .... 

Elemi  resin .     .     . 

Lemons     .     .     . 

Rind 

Rose     .... 

The  soUd  oil      .     . 

C    H 


These  oils  are 
all  isomeric^ 
Vbut  the  dah 
sitj  of  their 
Tapoon  THj 
for  each. 


Bitter  almonds  . 

Meadow  sweet  . 

Cinnamon 

Anise  . 
Cummin  • 
Spearmint 
Pennyroyal 
Camphor  . 

Mustard   . 


2.  Containing  Oxygen. 
Kernels   .... 

Flowers   .... 

Bark 


Seeds  • 
Seeds  • 
Leaves 
Leaves 
Wood 


.     .     •     . 


... 


C,4  He  O, 


Cj8  Hq     Oj 


C«0  ^18  O2 

Cgo  Hi,  Og 
C35HJ8  o 
Cjo  H3    O 
Cjjo  Hi5  Oj 


j  Hydruretbcn- 
I     sole. 
)  Hydniretsdi- 
{     cole. 
jHydnuetcb- 
\     namule  . 

>Isomeri& 


I 


Oxide  of  tur- 
pentine. 


3.  Containing  Sulphur. 
Seeds |  Ca  H,  N  Sg 


The  essential  oils  of  onions,  assafootida,  horseradish,  and  lkOp» 
also  contain  sulphur  in  considerable  quantity. 


RESINS. 

§  964.  The  resins^  the  varieties  of  which  are  almost  end- 
less, flow  from  the  trees  by  the  organs  of  which  they  tf* 
secreted  in  solution  in  the  essential  oils :  indeed  they  appetfto 
be  products  of  the  oxidation  of  those  compounds,  which  all  gn* 
dually  absorb  oxygen.      No  carbonic  acid  is  formed  by  tte 
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process,  but  hydrogen  is  sometimes  removed  and  replaced  by 
oxygen  and  water  formed.  In  their  natural  soft  state  these 
mixtures  go  by  the  name  of  balsams. 

The  resins  are  distinguished  by  not  being  volatile  without 
decomposition,  insoluble  in  water,  but  very  soluble  in  alcohol, 
essential  oils,  and  alkaline  solutions.  They  are  generally 
capable  of  acting  as  acids.  The  resins  of  turpentine  may  be 
taken  as  illustrations. 

§  965.  Tlie  residue  of  the  distillation  of  oil  of  turpentine 
goes  by  the  name  of  rosin  or  colophony.  According  to  Pro- 
fessor Johnston,  (to  whom  we  are  indebted  for  a  most  elaborate 
examination  of  the  resins,)  it  is  a  mixture  of  two  isomeric  resins, 
the  pinic  and  the  sylvic  acids,  which  may  be  separated  by  cold 
alcohol  of  specific  gravity  0.865,  which  does  not  dissolve  the 
latter. 

§  966.  The  i^tc  Acid  is  precipitated  from  its  alcoholic 
solution  by  acetate  of  copper.  The  pinate  of  copper  is  dissolved 
in  strong  boiling  spirit  and  decomposed  by  muriatic  acid,  and 
then  mixed  with  water :  it  precipitates  as  a  resinous  powder 
which  mav  be  dried  at  a  moderate  heat.  It  is  colourless ;  melts 
at  257°  ;  s^nd  softens  at  149°.  It  expels  carbonic  acid  from  the 
bases,  and  its  alkaline  salts  are  soluble ;  its  earthy  and  metallic 
salts  are  insoluble  in  water,  but  many  of  them  soluble  in  alcohol. 

Its  formula  is,  C40  IIjo  O4 

§  967-  The  Sylvic  Acidy  which  remains  after  the  separa- 
tion of  the  pinic,  must  be  purified  by  solution  in  boiling  alcohol, 
from  which  it  separates  on  cooling  in  rhombic  crystals.  It  melts 
at  212°;  and  its  formula  is  exactly  the  same  as  that  of  the 
pinic  add,  C40  Hgo  O4.  Its  salts  exactly  resemble  those  of  the 
last  acid.  Both  these  acids  by  being  kept  in  a  state  of  fusion 
for  some  time  become  brown,  and  are  converted  into  a  stronger 
acid  than  either  of  the  two,  which  is  very  sparingly  soluble  in 
alcohol. 

i  968.  In  the  resins  as  naturally  produced  there  is  gene- 
nlly  a  siinilar  mixture  of  many  kinds  together,  and  Johnston 
has  diown  that  they  may  be  all  derived  from  oils  having  the 
eonstitation  of  8  (C5  H4) 
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Wax,  &c. 


§  9G9.  TVax;  this  principle,  ■which  differs  in  its  charartm 
both  from  oils  and  resins,  exists  in  many  plants,  and  may  be 
obtained  by  bruising  them  and  boiling  in  water;  when  it  melts 
and  floats  upon  the  surface.  The  berries  of  the  Myrica  cerifm, 
and  the  leaves  of  the  Ceroxylon,  afford  considerable  quantities 
of  wax  by  this  process. 

It  is  also  the  product  of  the  secretion  of  bees.  Its  spenfic 
gravity  is  .96,  and  melting-point  150°.  It  may  be  distilled 
with  little  change.  It  is  insoluble  in  cold  water,  alroliol,  or 
ether.  It  combines  with  the  fixed  alkalies,  but  does  not  undergo 
saponification.  It  bums  in  the  air  with  a  bright  flame.  TTw 
result  of  its  analysis  is  as  follows: — 

Carbon       ....     81.874 

Hydrogen  ....     12.672 

Oxygen      ....       5.454 

1(M).000 

§  970.  Caoutchouc,  the  inspissated  milky  juice  of  Kvenl 
tn)pical  plants,  as  the  Hevxa,  the  Jalropha  ekutica,  has  long 
been  known  by  the  name  of  Indian  Hubber.  It  is  insoluble  in 
n-ater  and  in  alcohol;  but  is  soluble  in  fresh  distalled  oil  of 
turpentine  and  naphtha.  It  bums  in  the  air  with  a  imokf 
flame.  It  fuses  when  heated  to  450°,  and  remains  more  or  lac 
visdd.  It  is  a  native  pure  form  of  hydrocarbon. 
Formula,  C^  H^ 
It  is  remarkably  indifferent  to  the  action  of  chemical  ageelU. 

COLOURING  MATTERS. 

§  971<  This  mbdiviaion  of  oi:g«nic  prodocto  luiyt  it 
first  sif^t,  appear  inconsistent  with  the  principle  whidi  m  bna 
endeavoured  to  inculcate  ($  229),  via.  that  the  colours  of  naboil 
objects  are  dependent  upon  their  specific  action  upon  the  cwn- 
pound  rays  of  light,  and  might  seem  to  coontenancc  the  oommoa 
prejudice  that  there  u  something  nibitintaal  in  the  natun  <i 
oolour ;  but  profiue  ■•  is  the  bountiful  CiPttSt  of  all  things  in 
qyery  thing  whi<^  qui  idom  hia  wonderfbl  creation,  there  is,  w  ' 
to  apeakj  a  calcaUted  economy  in  the  works  of  nature  vhiti 
■eema  to  diaooontenanoe  eztraTiganoe  by  the  exact  expendttw 
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of  just  so  much  of  a  material  as  may  be  required  to  produce  an  in- 
tended purpose,  and  no  more.  Thus  the  fragrance  of  the  sweetest 
flowers  is  with  difficulty  collected  in  the  form  of  their  essential 
oils  for  the  luxury  of  the  rich ;  while  the  colours  of  the  rose 
and  the  ^-iolet  depend  upon  very  minute  portions  of  peculiar 
compounds  sparingly  disseminated  in  their  petals,  but  adapted 
by  their  constitution  to  act  upon  light  in  such  a  manner  as  to 
produce  the  pleasing  and  harmonious  effect  upon  the  eye  which 
every  one  is  capable  of  appreciating  and  enjoying. 

Of  these  seemingly  precious  products  of  animal,  and  espe- 
cially vegetable  organizations,  we  are  in  comparative  ignorance ; 
but  what  is  known  concerning  them  cannot  but  excite  a  strong 
desire  of  further  knowledge.  We  will  describe  a  few  of  them, 
for  the  purpose  of  illustration ;  and  it  will  be  seen  that  there  is 
a  certain  degree  of  analogy  amongst  the  different  individuals  of 
the  class.  They  are,  many  of  them,  capable  of  entering  into 
intimate  combination  with  other  substances,  both  organic  and 
inorganic,  without  losing  their  peculiar  actions  upon  the  lumi- 
niferous  ether,  and  by  such  transfer  are  rendered  subservient  to 
the  wants  and  luxury  of  man  in  the  arts  of  painting,  dyeing, 
and  calico  printing.  Those  which  have  been  thus  utilized  have 
of  course  been  most  studied  and  are  best  known. 

§  972.  Indigo.  One  of  the  most  important  of  these 
colouring  principles  is  secreted  in  the  cellular  tissue  of  the 
leaves  of  a  variety  of  plants  of  different  genera.  Most  of  these, 
as  the  Indtgofera^  are  natives  of  hot  climates ;  but  a  few,  as  the 
Ao/w  tinctoriay  belong  to  the  more  temperate  regions.  In  its 
natural  state  it  is  colourless,  and  as  long  as  the  tissue  of  the  leaf 
is  unbroken  it  remains  so.  It  assumes  a  deep  blue  colour  by 
the  action  of  oxygen.  The  dye-stuff  is  extracted  for  use  either 
from  the  fresh  or  dried  plant  by  suffering  it  to  macerate  in 
water  some  time,  during  which  it  undergoes  chemical  changes, 
which  cause  its  deposition  in  the  form  of  a  blue  feculent  preci- 
pitate. It  occurs  in  commerce  in  the  form  of  square  cakes  of  a 
deep  blue  colour,  which  generally  contain  about  50  per  cent,  of 
the  colouring  matter ;  which  is  insoluble  in  water.  It  is  soluble 
in  ocmoentrated  sulphuric  acid.  It  is  still  but  a  mixture  of 
■ewal  bodies,  as  indigo  red,  indigo  brown,  and  indigo  gluten^ 
w&idi,  however,  may  be  removed  by  treatment  with  alcohol  and 
dOofeed  acidi  and  alkalies. 
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§  973.  When  pure  the  precipitated  indigo  is  a  rich  bine 
powder,  which,  when  burnished,  assumes  the  colour  aad  fantie 
of  burnished  copper:  and  it  is  remarkable  that  most  of  theK 
concentrated  colouring  principles  which  are  distinguished  by  tbe 
purity,  the  brilliancy,  and  the  intensity  of  the  coloured  lig^t 
which  they  radiate,  are  capable  of  metallic  reflexion  by  similar 
treatment.  Prussian  blue,  or  sesqui-ferrocyanide  of  iron 
(§  1027),  possesses  this  property  in  a  very  eminent  degree. 

Indigo,  when  cautiously  heated,  may  be  sublimed  in  prismi 
of  a  dark  purple  colour,  possessing  something  of  the  metallic 
lustre.  Its  vapour  is  of  a  rich  purple,  and  something  resembki 
that  of  iodine. 

Its  formida  is,  C^^  NH^  0« 

§  974.  When  blue  indigo  is  exposed  to  deoxida^ 
agents,  as  protoxide  of  iron,  protochloride  of  tin,  or  sulphuroui 
acid,  it  is  restored  to  the  state  of  white  indigo,  in  which  it 
originally  existed  in  the  leaves.  It  is  insoluble  in  water,  but 
soluble  in  alkalies.  When  hydrochloric  acid  is  added  to  die 
alkaline  solution,  the  white  indigo  is  precipitated,  and  maybe 
obtained  and  preserved  as  a  crystalline  powder  by  careful  excb- 
sion  of  oxygen.  It  is  now  believed  that  white  indigo  is  not 
deoxidated  blue  indigo,  but  a  compound  of  blue  indigo  and 
hydrogen,  and  that  in  its  formation  water  is  decomposed;  the 
deoxidating  agents  employed  taking  the  oxygen,  and  the  hydro- 
gen passing  to  the  indigo,  the  formula  of  white  indigo  being, 

C,6  NH5  O2  +   H 

The  solution  of  blue  indigo  in  sulphuric  acid,  is  used  in  the 
arts  to  dye  what  is  called  scuvon  blue,  which  is  but  a  fogitiTe 
colour;  but  the  solution  of  white  indigo  in  lime  water  is  sdD 
more  extensively  used  for  dyeing  a  much  more  substantial  blue. 
For  this  purpose  the  cloth  is  immersed  in  a  hot  bath  of  the 
solution  till  it  has  thoroughly  imbibed  it,  and  it  is  then  exposed 
to  the  air,  the  oxygen  of  which  combines  with  the  hydrogen  and 
restores  it  to  its  blue  colour. 

§  975.  Madder.     The  dried  roots  of  the  Rubia  tmdonm 

constitute  the   madder  of  commerce.     They   contain  seienl 

colouring  matters,  some  of  which  are  of  the  highest  importance* 

Alizarin^  or  Madder  Red.     When  the  roots  arc  boiled  in 

a  strong  solution  of  alum,  and  the  filtered  hot  solution  allovcd 
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to  cool,  a  red  brown  substance  precipitates^  which  may  be 
purified  by  repeated  similar  decoctions  and  solutions  in  ether. 
When  heated  it  sublimes;  forming  brilliant  orange  needles. 
It  is  sparingly  soluble  in  water,  but  more  so  in  ether  and 
alcohol.  Ammonia  dissolves  it  with  a  purple,  and  potassa  or 
lirae  with  a  violet  colour. 
Its  formula  is  said  to  be, 

^sr  H,j  Ojo 

It  forms,  in  combination  with  alumina,   the   splendid  colour 
known  by  the  name  of  Turkey  red. 

Madder  Purple.  When,  after  the  precipitation  of  alizarin, 
some  sulphuric  acid  is  added  to  the  aluminous  decoction  of 
the  roots,  madder  purple  is  thrown  down.  The  form  is  an 
orange-red  crystalline  powder;  sparingly  soluble  in  cold,  but 
more  so  in  hot  \^'ater.  The  solution  is  rose-red.  It  is  fusible ; 
and  when  more  strongly  heated  a  portion  sublimes,  but  the 
greater  part  is  decomposed. 

§  976.  Brazilin  and  Hematoxylin  may  be  extracted 
respectively  from  Brazil  wood  and  logwood  by  decoction  in 
water.  The  solution  is  to  be  agitated  with  hydrated  oxide  of 
lead,  filtered,  and  evaporated  to  dryness.  The  residue  is  then 
to  be  treated  with  alcohol.  Some  tannic  acid  mixed  vnth  the 
solution  may  be  separated  by  gelatin. 

Brazilin  forms  orange  crystals,  soluble  in  water,  alcohol, 
and  ether.     Its  solutions  are  of  a  yellowish-red  colour. 

Heematoxylin  is  frequently  met  with  in  native  crystals  in 
the  clefts  of  the  logwood.  It  is  slightly  bitter  and  astringent ; 
sparingly  soluble  in  water,  but  copiously  in  alcohol  and  ether. 
It  forms  brownish-red  solutions. 

§  977-  Quercitrin.    A  yellow  colouring  principle,  which 

may  be  extracted  from  the  bark  of  Quercus  infiisoria  by  simple 

deODction    and   spontaneous   evaporation    and    crystallization. 

When  pare  it  resembles  very  smaJl  crystals  of  yellow  prussiate 

of  potassa. 

Its  formula  is,  0,5  Ug  Og  +  HO 

§  978-  Orcin.  Many  species  of  lichen  contain  substances 
which  produce  by  contact  with  air  and  ammonia  rich  purple 
or  blue  csolouring  matters,  constituting  the  archil  or  litmus 
of  oomineroe.     As  an  example  we  will  take  orcin^  which  is 
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obtained  by  digesting  the  Variolaria  dealbata  in  alcohol,  enipo- 
rating  to  dryness  and  re-solution  in  water.  From  the  solotioQ 
evaporated  to  the  thickness  of  a  syrup  colourless  crystals  may 
be  obtained  of  a  disagreeable  sweet  taste.  They  fuse  easily,  and 
may  be  sublimed  unaltered. 

Their  formula  is,  C^  Hy  O,  +  2  HO 

It  is  converted  into  a  crimson  powder  by  exposure  to  air, 
and  the  vapours  of  ammonia,  which  is  the  important  ingredient 
in  litmus.  By  this  treatment  orcin  takes  into  its  constitiitin 
1  equivalent  of  ammonia  and  5  of  oxygen,  and  becomes 


Cift  Hio  N  O 
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§  979.  Carmine.  This  colouring  principle  is  a  product 
of  animal  organization.  It  exists  in  many  insects  of  the  gam 
Coccus.  It  is  chiefly  extracted  for  use  from  CocMsteal  and  Im* 
It  is  prepared  in  greatest  purity  from  the  former  by  digestkm  is 
ether,  to  remove  fatty  matters,  and  afterwards  in  aloohoL  Ik 
alcohol  is  evaporated  by  cautious  distillation,  and  the  rendne 
carefully  dried.  It  is  then  purified  by  another  digestion  in 
alcohol,  from  which  it  is  precipitated  by  ether  in  the  fcnm  of 
a  purple  red  powder,  easily  soluble  in  water  and  alcohol,  hit 
not  in  ether.  It  melts  at  1 22%  but  is  decomposed  by  a  hfk 
heat.  In  combination  with  oxide  of  tin  it  forms  a  bright  sctfiet 
colour.     It  contains  nitrogen,  and  its  formula  is  said  to  be 

Cm  NHe5  Oao 
Table  LIII.     Colouring  Matters. 


Name. 

Whence  obtained. 

Fonralfr 

Alizarin 

Madder  roots  . 

Cjj  H„  0„ 

Carmine 

Cochineal  msect 

C«  NH«  0. 

Blue  Indigo . 

Isatis  tinctoria,  &c.  . 

C«  N  H,  0. 

White  Indigo 

From  indigo     • 

C.,  N  H,  Ob 

Isatin 

From  oxidation  of  indigo  . 

C.«  N  H,  0, 

Orcin 

Yariolaria 

C„  H,  O^Sn 

Orcein 

From  orcin     . 

C„  NH^Q, 

Eiythrin 

Variolaria,  &c. 

C«H„0, 

Quercitrin     . 

Quercitron  bark 

Ca  H,0>i» 
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XX.    METAMORPHOSIS  OF  ORGANIC 

PRODUCTS. 

§  980.  In  our  examination  of  the  structure  of  inorganic 
bodies  which  results  from  the  concurrence  of  different  forces^ 
we  have  taken  occasion  to  point  out  certain  curious  cases  of 
unstable  equilibrium  amongst  particles  of  even  elementary  sub- 
stances, which  are  liable  to  subversion,  and  to  spontaneous  re- 
adjustment from  very  slight  impulses ;  by  which  their  physical 
properties  are  altered  but  not  their  chemical.  The  dimorphism 
of  sulphur  (§  126,  127)  is  an  instance  of  this  elementary  change, 
and  the  alterations  which  take  place  in  the  structure  of  brass, 
barley  sugar,  sulphate  of  nickel,  selcniate  of  lime  and  particularly 
of  iodide  of  mercury,  are  examples  of  the  same  kind  of  structural 
change  in  compound  bodies. 

A  remarkable  instance  of  such  a  spontaneous  change  we  find 
in  the  beautiful  large  transparent  crystals  of  carbonate  of  soda, 
which  are  produced  in  the  manufacture  of  that  salt.  Tlicir  form 
IB  a  rhombic  octohedron,  the  acute  angles  of  wliicli  are  deeply 
truncated,  and  they  contain  ten  equivalents  of  water.  These 
crystals  may  be  preserved  for  a  long  time  in  a  perfect  state  pro- 
vided that  great  care  be  taken  to  guard  them  from  any  abrasion 
of  their  surfaces :  but  if  their  surfaces  be  broken  in  the  sliglitcst 
d^ree,  even  by  the  scratch  of  a  pin^s  point,  efflorescence  will 
take  place  from  that  point;  they  will  throw  off  the  greatest  part 
of  iheir  water  of  crystallization,  and  speedily  crumble  down  into 
a  white  powder.  Thus  mechanical  force,  light,  heat,  adhesion, 
&c^  are  capable  of  originating  such  changes;  which,  commenced 
but  at  a  single  point,  will  quickly  run  through  a  whole  mass  of 
matter  of  such  delicate  structure. 

§981.  Reasoning  from  analogy  we  should  expect  that 
when,  in  addition  to  other  forces,  complex  chemical  attractions 
are  brought  within  the  sphere  of  mutual  influence,  similar  states 
of  equilibrium  and  similar  disturbances  would  arise ;  which 
.irodld  manifest  themselves  by  metamorphoses  and  changes  of 
ftJMwniwl  properties.  And  this  we  shall  find  to  be  pre-emi- 
nently tbe  case  with  the  complicated  products  of  organisation ; 
in  whidi  a  number  of  affinittea  are  nicely  balanced  by  the  vital 

2t 
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processes,  but  the  aiTBiigement  of  wliicli  is  bable  to  subversMi 
and  re-adjustment  even  by  slight  causes,  and  particulark  wlien 
brought  under  tlie  influence  of  other  bodies  presented  lo  them. 

§  982.  The  field  of  investigation  which  has  very  rfcentW 
been  opened  to  experiment  in  such  organic  metamorpluKVs  a 
apparently  boundless ;  and  it  lias  been  taken  possession  of  by 
labourers  of  the  highest  talent  and  activity  ;  the  fruits  of  vhow 
industr)'  are  so  abundant  as  to  cover  the  ground  with  sumerlnl 
of  that  confusion  wliich  might  be  expected  from  a  number  of 
independent  workmen  actively  engaged  in  the  same  tiack.  Thr 
bearing  of  these  investigations  upon  the  theorj'  of  organic  n^ 
cles  is  extremely  important,  as  tending  to  show  what  are  tlic 
most  permanent  groups  of  the  organic  elements,  and  what  the 
most  capable  of  substitution  for  each  other,  either  in  ino^amc 
or  organic  combinations,  without  changing  the  t^'pe  of  the  cont- 
pound*.  With  a  more  particular  riew  to  this  purpose,  ire  wiO 
proceed  to  examine  a  few  of  the  most  interesting  of  tbor 
changes. 

§  983.  We  have  abeady  stated  ($  921)  that  staidi,  hf 
boiling  ^ith  dilute  sulphuric  acid,  may  be  made  to  nndago  ^ 
slight  alteration  of  the  arrangement  of  its  constituent  elemaili 
which  converts  it  into  sugar;  the  same  change  may  at  oott 
be  determined  in  its  solution  or  in  that  of  deMrin  by  a  mj 
minute  quantity  of  a  remarkable  principle  which  is  pndmd 
in  the  incipient  germination  of  grains  and  seeds  and  the  taboi 
of  potatoes,  to  which  the  name  of  duutate  has  been  p«» 
It  may  he  prepared  by  moistening  freshly-germinating  iiAj 
with  half  its  weight  of  cold  water,  and  pressing  iL  A  nei 
liquid  is  thus  obtuned  which  is  to  be  filtered  and  hntadk 

■  II.  Dumai  ha*  proposed  a  theory  of  ncli  nbititatian^  ^Ulaitai 
called  the  Theory  ^  Tfp*i.  It  regards  orguio  bodiea  u  built  nb  (f  fodda  i 
wliich  maj  be  ^qdaced  and  replaced,  withont,  aa  it  were,  (Imtrajnng  (be  t«4- 
Tba  cunaenatinn  of  the  type  he  legms  lo  ImIc  upon,  sonii^  Iiow,  aa  the  au»i-  ' 
the  intatitatiOB  of  ons  d«m«at  for  another— egni^alwil  for  «quivaleii^-a*tk( 
eflbct  Hm  Ofnnie  sulcciile,  the  oiBsnie  tjptt  eonatitules  on  pdiGce :  a  mob 
of  hjdrogan,  Gr  biMMOM,  mj  be  replaeed  Of  one  of  chlorine  oxTS*^  '"^'^ 
fte.,  without  snjtDodUcstlaB  of  the  sxterior  rilaHniai  of  tbe  builtUng:  bnU 
b  usduteh  iiiinMMfy  that  when  a  coune  of  hTdnjgan  ii  retnn'^il  uunbrr  id 
■one  nrt  i&onld  he  |2aeed  in  Ua  alcsd,  or  else  the  rritWrr  will  b«  datrnvi- 
It  is  maintaiart  that  in  aebcmlcal  tjpe  nrrsj  iilwis  ii|  nuj  be  rvfJMrfto 
another,  and,  indeed,  wftrj  ona  in  ila  lyn,  ao  that  not  a  trace  of  lfa«  ori. 
eoBponnd  nsj  nnain,  «o^  the  origiasl  poailion  of  the  aiom*,  and  jrat'tW   \ 
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158°,  to  coag;uIate  and  separate  some  foreign  matters:  after 
a  second  filtration  the  diastase  may  be  precipitated  by  alcohol. 
When  dried  it  is  white,  solid,  but  amorphous ;  it  is  soluble 
in  water,  and  insipid.  It  contains  nitrogen,  but  it  has  not 
been  obtained  in  sufficient  purity  for  strict  analysis.  It  has 
no  action  upon  sugar  or  most  of  the  vegetable  principles ;  but 
has  a  8peci6c  action  upon  starch  or  dextrin.  It  possesses  the 
property  of  separating  the  organized  envelope  from  the  grains 
of  the  former,  and  1  part  of  diastase  w^ill  convert  2,000  parts  of 
starch  into  sugar.  It  acts  with  most  energy  at  a  temperature 
between  160°  and  170°.  Malt  contains  about  -g^  of  its 
weight  of  this  principle,  and  it  is  the  agent  by  which  tiiie  starch 
of  the  grain  is  converted  into  sweet  wort.  This  change  is  some- 
times designated  as  the  saccharine  fermentationy  and  nothing 
being  added  to,  or  taken  away  from,  the  product,  the  whole  must 
entirely  depend  upon  arrangement  or  structure. 

§  984.  Another  metamorphosis  of  the  same  elements,  in 
the  disposition  of  which  the  last  change  has  been  produced, 
may  be  effected  by  the  mere  contact  of  certain  other  substances, 
themselves  in  a  state  of  active  change,  by  which  the  particles 
resolve  themselves  into  two  compounds  of  a  more  stable  nature 
without  any  loss  or  addition  of  substance. 

If  we  take  a  mixture  of  one  part  of  sugar  with  four  or  five 
of  water,  and  place  it  in  a  close  vessel,  connected  by  a  tu])e 
with  a  pneumatic  apparatus,  at  a  temperature  of  about  70°, 
the  process  of  what  is  called  the  Vinous  fermentation  may  be 
determined  in  it  by  the  addition  of  a  small  quantity  of  vegetable 
or  animal  albumen,  fibrin,  or  gluten,  in  a  state  of  putrefaction 
or  spontaneous  decomposition.  A  small  quantity  of  the  residue 
thrown  off  in  a  previous  fermentation  of  vegetable  saccharine 
juices,  which  is  known  by  the  name  of  yeast  or  ferment,  is  the 
most  active  agent  in  determining  the  change,  which  begun  at 
one  point  will  extend  through  the  whole  bulk  of  the  liquid 
however  large.  A  large  quantity  of  carbonic  acid  will  be 
evolved;  the  liquid  will  become  less  and  less  sweet,  till  the  sugar 
entirely  disappears,  and  alcohol  or  spirit  will  be  found  in  its 
phoe.  Previously  to  this  complete  change,  the  first  action  of 
the  fsnnent  is  to  convert  the  sugar,  whatever  its  origin,  into 
■taich  or  grape  sugar,  the  formula  of  which  as  we  have  shewn 

Ok  H,2  0|g 

3x2 
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which  is  exactly  equivalent  to — 

2  Alcohol     .  .  .     Cg    H,e  O4 

4  Carbonic  acid     .  .     C4  Og 

Cig  H|g  0|g 

and  the  weight  of  these  products  of  fermentation  exacdy  cor- 
responds to  the  weight  of  the  sugar  thus  metamorphosed.  The 
process  is  exactly  analogous  to  that  of  the  resolution  of  nitntie 
of  ammonia  into  protoxide  of  nitrogen  and  water,  by  a  gentk 
heat,  which  we  have  described  amongst  the  processes  of  inorganic 
chemistry  (§  454). 

§  985.  Absolute  or  pure  alcohol  is  separated  from  the 
first  products  of  fermentation  by  processes  of  distillation;  in  the 
last  of  which,  quick-lime  or  carbonate  of  potassa  is  employed 
to  abstract  the  last  traces  of  water  with  which  it  is  mixed.  It 
is  a  well  known  inflammable  liquid,  of  the  specific  gravity,  at 
60°,  of  0.795,  to  which  we  have  already  often  had  occasion  to 
refer.  It  bums  with  a  pale  blue  flame,  and  the  products  d  iti 
combustion  are  nothing  but  carbonic  acid  and  water. 

§  986.  At  a  temperature  somewhat  higher  than  that 
which  is  best  adapted  to  the  vinous  fermentation,  the  saocahiine 
juices  of  plants  undergo  a  different  change,  which  may  abo  be 
induced  in  solutions  of  pure  sugar  by  Diastase,  or  vegetabk 
albumen,  which  have  undergone  slight  decomposition  by  some 
days^  exposure  to  the  air  in  a  moist  state.  The  substance  of 
bladder,  in  a  state  of  incipient  decomposition,  will  also  deter- 
mine this  change,  which  is  distinguished  by  the  name  of  the 
Lactic  fermentation.  No  alcohol  is  produced,  but  the  ixpoi 
becomes  mucilaginous  and  thick ;  and  two  new  substances  are 
found  in  it  in  large  quantities,  viz.,  mannite  and  lactic  ackl, 
which  together  contain  the  elements  of  grape  sugar  deprived  of 
^ne  equivalent  of  oxygen. 

Mannite       .         .         .     Cg    H7    Og   (§917) 
Lactic  acid  .         .         .     C^    Hg    O5  (§  943) 

Cjjj  H,8  0^^ 


Carbonic  acid  and  some  combustible  gases  are  also  evotred 
in  this  process;  but  their  exact  amounts  have  not  yet  been  8floe^ 
tained. 
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§  987-  A  considerable  discrepancy  of  opinion  exists  with 

regard    to  the   first  impulse   whicli   determines  these   curious 

metamorphoses;  with  regard  to  the  spark,  as  it  were,  which 

first  ignites  the  train.     Some  have  been  led  to  imagine  a  new 

force,  which  has  been  named  the  Catahj  tic  force y  with  which  the 

ferments,  which  we   have  described,  are  endued,   and  which 

resolves  bodies  into  new  compounds  merely  by  contact  with 

them,  or  by  "an  action  of  presence y^  as  it  has  been  somewhat 

obscurely  termed.     The  effects  of  this  action  have  been  called 

catalysis;  to  which,  as  distinguishing  this  class  of  phenomena  in 

which  transformations  are  determined  in  bodies  l)y  others  which 

do  not  participate  in  them,  there  can  l)e  no  objection ;  although 

it  may  be  rather  premature  to  infer  from  them  the  influence  of 

any  hitherto-undistinguished  agent. 

§  988.  Others  again  refer  the  action  of  yeast  to  the  \\tsl 
action  of  certain  organized  globular  vesicles,  which  abound  in 
yeast,  which  increase  during  the  process  of  fermentation  by  tlie 
developement  of  buds,  and  constitute  rows  of  adherent  globules. 
When  placed  in  a  saccharine  fluid  they  are  supposed  to  grow  at 
the  expense  of  the  sugar,  which  is  partly  converted  into  alcohol, 
while  the  organic  being  gives  out  carbonic  acid.  It  is  by  no 
means  impossible,  that  the  first  impulse  which  upsets  the 
unstable  equilibrium  of  the  saccharine  mass  may  result  from 
the  vital  action  of  an  organized  being;  but  that  tlie  whole 
process  consists  of  a  vital  act  seems  to  be  in  the  highest  degree 
improbable. 

§  989,  The  third  explanation  which  is  given  is  purely  of 
a  mechanical  nature,  and  is  founded  upon  the  dynamic  law,  that 
^a  molecule  set  in  motion  by  any  power  can  impart  its  own 
motion  to  another  molecule  with  which  it  may  be  in  contact.^' 
Thus,  the  ferment  which  is  added  to  a  solution  of  sugar,  or 
which  is  naturally  present  in  the  saccharine  juices  of  fruits, 
being  necessarily  in  a  state  of  change,  communicates  that 
motion  to  the  particles  of  the  sugar  by  which  they  transpose 
themselves  into  alcohol  and  carbonic  acid. 

%  990.  The  action,  however,  of  a  ferment  upon  oxganie 
substances,  has  its  most  complete  parallel  amongst  inoiganic 
compounds  in  the  decomposition  of  deutozide  of  hydrogen,  and 
deatosulphuret  of  hydrogen,  by  the  mere  contact  of  certain 
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metals  and  metallic  oxides  to  which  we  have  previously  referred, 
(§  494  &  563)5  and  in  which  there  is  a  certain  degree  of  obscoiity 
of  no  higher  amount  than  attaches^  perhaps^  to  other  modifi- 
cations of  the  action  of  force. 

§  991.  We  will  now  trace  the  progress  of  the  elements 
of  the  alcohol,  which  we  have  derived  from  the  sucoesnve 
metamorphoses  of  starch  and  sugar^  through  other  transform- 
ations of  a  similar  interesting  nature.  We  have  already  seen 
(§  500)  that  when  alcohol  is  heated  with  double  its  volmne  of 
sulphuric  acid^  olefiant  gas  or  bihydrocarbon  is  produced;  in 
this  process  the  acid  does  not  necessarily  undergo  any  change, 
and  its  action  is^  probably,  merely  the  determining  the  resolution 
of  the  alcohol  into  bihydrocarbon  and  water,  for — 

Bihydrocarbon.  Water.  Alcohol 

2(C2  Hg)      +     2H0     =     C4  He  Og 

and  this  being  the  most  stable  adjustment  of  the  affinities  con- 
cerned, is  the  ultimate  result  of  the  metamorphosis  of  tk 
elements. 

§  992.  But  there  is  a  transformation  which  fisdls  short 
of  this  final  adjustment,  which  may  be  determined  by  mixing 
the  alcohol  with  only  half  the  quantity  of  sulphuric  acid,  and 
proceeding  to  distillation  with  a  gentle  heat;  no  gas  is  given  off? 
but  an  inflammable  vapour  rises,  which  may  be  condensed  in 
a  refrigerated  receiver  into  a  light,  colourless,  very  limpid  liquid, 
to  which  the  name  of  Ether  has  been  given.  When  it  has  iD 
distilled  over,  a  fresh  quantity  may  be  obtained  by  the  addition 
of  more  alcohol  to  the  same  acid.  The  acid,  indeed,  does  not 
necessarily  undergo  any  change  during  the  procass,  except  dut 
of  becoming  gradually  diluted  with  water,  and  in  a  propedj 
arranged  apparatus,  alcohol  may  be  allowed  to  trickle  into  die 
retort,  so  as  not  to  check  the  ebullition,  but  just  to  compensate 
the  quantity  which  is  removed  by  the  change.  If  proper 
caution  be  used,  and  the  adjustment  of  heat  be  prqierif 
attended  to,  any  portion  of  alcohol  may  be  etherised  by  die 
same  portion  of  acid.  The  product  of  these  operations  must  be 
rectified  by  mixing  it  with  about  a  sixteenth  of  its  weight  d 
carbonate  of  potassa,  to  absorb  the  water,  and  careful  dist^Uadon 
from  a  water-bath. 

§  993.  Ether  has  a  peculiar,  penetrating,  and  agieeaUe 
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odour,  and  a  pungent,  sweetish  taste.  It  produces  intoxication 
even  when  its  vapour  is  respired  with  the  air;  its  specific 
gravity  when  pure  is  O./IS;  it  is  very  volatile,  and  boils  at  a 
temperature  of  96.5;  its  vapour  is  heavy;  its  specific  gravity 
with  regard  to  air  as  1  being  2.58.  When  ignited  it  bums  with 
a  bright  yellow  flame,  which  deposits  some  carbon  and  leaves 
no  residue,  the  products  being  carbonic  acid  and  water.  Its 
analysis  shews  it  to  be  a  compound  of  C4  H5  O,  so  that  the 
action  of  the  sulphuric  acid  may  be  regarded  as  having  removed 
half  the  water  from  alcohol:  for 

Ether         .         .         •         C4  II5  O 
+  Water        .         •         .  HO 

=  Alcohol  C4  He  O^ 


§  994.  With  regard  to  the  common  radicle  of  the  two 
compounds,  alcohol  and  ether,  there  are  no  less  than  three 
views  which  may  be  taken  of  it;  each  of  which  professes  to  be 
founded  upon  experimental  evidence.  They  all  agree  in  its 
being  a  particular  form  of  hydrocarbon. 

According  to  the  first  theory  the  hydrocarbon  is   olefiant 
gaSf  and  the  constitution  of  each  is  as  follows : 

(CaHg)       +   110  =  Alcohol 
2  (C2  II.,)   +   HO  =  Ether 

§  995.  According  to  the  second  theory,  the  hydrocarbon 
is  isomeric  with  olefiant  gas,  but  contains  double  the  number 
of  equivalents,  and  it  has  been  distinguished  by  the  name  of 
eiherine;  such  a  compound  has,  in  fact,  been  obtained  in  a 
■eparate  state  from  other  sources.  The  fomiuhe  are  then  as 
follows : — 

(04114)   +  2H0  =  Alcohol 

(C4 II4)    +   HO      =  Ether 

§  996.  According  to  the  third  theory,  the  hydrocarbon 
is  composed  of  four  equivalents  of  carbon  and  five  of  hydrogen, 
bat  has  never  been  insulated.  To  this  hypothetical  radicle  the 
name  of  eikuie  has  been  given,  and  the  formulae  are  as  follows: 

(C4H5)  +  0  +  HO  =  Alcohol 
(C4H5)   +   0  =   Elher 

Ether  being  regarded  as  an  oxide  of  ethule^  and  alcohol  the 
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hydrated  oxide  of  the  same  radicle;  the  termination  vk  or 
yle  has  been  taken  to  distinguish  radicles  of  this  and  similar 
constitutions. 

§  997*  Now^  it  is  not  only  the  constitution  of  akcdwl 
and  ether  which  is  concerned  in  the  determination  of  thb 
radicle^  but  tliat  of  a  vast  number  of  other  compounds;  and 
great  confusion  has  arisen  in  this  department  of  chemistry,  not 
only  from  these  and  similar  conflicting  views^  but  from  the 
synonymous  nomenclature  which  they  have  been  the  means  of 
introducing.  We  cannot,  unfortunately,  appeal  at  present  to 
electrolysis  to  solve  the  question,  for  no  form  of  hydrocarbon 
has  yet  been  made  to  travel  in  the  voltaic  circuit,  and  we  most 
therefore  select  for  our  hypothetical  radicle,  that  combination 
of  the  elements  which  passes  as  a  group  into  the  greatest 
number  of  combinations,  and  is  capable  of  substitution  for 
elementary  substances  most  frequently  without  change.  On 
these  grounds  we  shall  prefer  ethule  for  further  illustrations, 
and  leave  it  as  an  exercise  of  ingenuity,  to  such  as  may  be 
inclined,  to  substitute  other  forms  of  hydrocarbon  iu  die 
several  examples;  with  an  assurance  that  plausible  arguments 
will  not  be  wanting  in  support  of  each. 

§  998.  Ether ,  or  Oande  of  Ethule,  is  regarded  by  many 
chemists  as  a  saUfiable  base,  and  it  certainly  enters  into  combi- 
nation with  most  of  the  acids,  forming  compounds  which, 
however,  differ  very  much  from  saline  compounds  in  general 
Indeed,  the  residt  of  mixing  sulphuric  acid  with  alcohol,  in  the 
process  for  making  ether,  is  not  so  simple  as  we  have  repre- 
sented it  to  be;  for  the  removal  of  the  water  firom  the  akdiol 
is  effected  by  intermediate  steps,  and  the  sulphuric  acid  fint 
enters  into  combination  with  the  oxide  of  ethule  in  the  propor- 
tion of  two  equivalents  to  one.  The  compound  is  a  peculiar 
acid,  which  has  received  the  name  of  the  stslphovinic  add.  It 
may  be  formed  directly  by  passing  the  vapour  of  ether  throngh 
oil  of  vitriol,  so  long  as  it  is  dissolved.  On  subsequent  dila- 
tion some  uncombined  ether  separates  and  floats  upon  the  top. 
Its  composition  is, 

(C,  H5  O)  SO3  +  HO  SO, 

It  enters  into  combination  with  the  different  bases  in  the  pro- 
portions which  would  be  required  to  neutralize  one  of  the 
equivalents  of  sulphuric  acid  in  its  constitution.    The  salts  arc 
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anhydrous,  and  have  the  usual  saline  characters,  and  even  those 
of  baryta  and  lead  are  soluble;  the  usual  reagents  not  being 
able  to  detect  the  sulphuric  acid.  On  boiling  their  solutions, 
however,  ivith  a  little  hydrochloric  acid,  alcohol  is  disengaged, 
and  the  sulphuric  acid  set  free.  The  hydrocarbon  may  also  be 
burnt  off,  and  the  characters  of  the  sulphuric  acid  will  be 
restored. 

§  999.  In  the  formation  of  ether,  when  the  acid  sulphate 
of  oxide  of  ethule,  or  sulphovinic  acid,  which  is  first  formed, 
b  heated  to  284^,  it  is  decomposed,  and  oxide  of  ethule  is 
evolved.  The  disengaged  sulphuric  acid  abstracts  another 
portion  of  oxide  of  ethule  from  the  hydrated  oxide  (alcohol), 
and  is  again  set  free. 

The  phosphoric  and  arsenic  acids  act  in  a  similar  way  upon 
alcohol,  forming  phosphovinic  and  arseniovinic  acids  of  exactly 
analogous  properties  to  the  sulphovinic,  and  forming  ether  by 
similar  decompositions. 

§  1000.  When  the  quantity  of  sulphuric  acid  in  the 
process  for  making  ether  is  increased,  or  when  fresh  alcohol  is 
not  supplied  during  its  progress,  an  oily  yellow  liquid  distills 
over,  which,  when  rectified  is  of  a  greenish  colour.  Its  odour 
is  aromatic  and  pimgent;  and  its  specific  gravity  is  1.133.  It  is 
not  soluble  in  water,  but  abundantly  so  in  in  alcohol  and  ether. 
When  boiled  with  water,  or  with  an  alkaline  solution,  sulphovinic 
acid  is  formed,  and  a  lighter  oil,  which  floats  upon  the  surface. 

The  first  of  these  products  has  been  longest  known,  by  the 
name  of  heavy  oil  of  wine.  It  may  be  regarded  as  a  combina- 
tion of  sulphovinic  acid,  and  a  form  of  hydrocarbon,  which  is 
represented  by  the  formula  C4  H^,  and  which,  in  fact,  is  separated 
by  boiling,  as  we  have  just  described,  and  constitutes  the  light 
oil  of  wine. 

The  formula  of  the  heavy  oil,  or  of  the  sulphovinate  of 
etherine^  is  therefore, 

(C^H^O)  2SO3  +  (C4H4) 

The  light  oil,  C4H4,  divides  itself  upon  standing  some  time, 
into  two  parts,  which  are  isomeric:  the  one  constituting  a  light 
oil^  not  solidifying  at  a  temperature  greater  than  35^,  and  the  other 
fonning  hard  brittle  colourless  prisms ;  specific  gravity  0.980 ; 
melting  at  2S(f,  and  boiling  at  464^.  The  first  has  been  named 
eikeroly  and  the  second  eiherine* 
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§  1001.  Up  to  this  point  it  would^  perhaps^  be  fotindthat 
the  hypothesis  which  r^ards  this  form  of  hydrocarbon  (CiHJ, 
as  the  radicle  of  this  class  of  compounds  which  we  are  con- 
sidering^ instead  of  C4H5,  is  the  most  simple  of  the  two,  and 
it  is  certainly  much  strengthened  by  this  insulation  of  die 
radicle :  we  must^  however^  return  to  the  view  which  we  biTe 
selected  for  illustration. 

Oxide  of  ethule  or  ether  enters  into  combination  with  the 
other  acids  to  constitute  a  class  of  bodies  which  are  not  acid, 
but  neutral  in  composition^  and  are  generally  known  by  the 
name  of  ethers,  and  distinguished  by  the  names  of  their  acids. 
We  will  describe  two  or  three  as  examples. 

§  1002.  Muriatic  Ether,  Chloride   of  Ethuky  may  be 

obtained  by  distilling  a  mixture  of  three  parts  of  oil  of  yitrid, 

four  of  dry  common  salt^  and  two  of  absolute  alcohoL    The 

product  should  be  washed  by  passing  it  into  a  vessel  containiif 

water  at  60^,  and  afterwards  condensed  in  a  vessel  surroonded 

by  ice.     It  is  a  colourless  liquid,  with  the  odour  of  garlic,  and  a 

specific  gravity  of  0.874 ;  it  boils  at  52°,  and  is  but  sparing^ 

soluble  in  water.     It  bums  with  a  green  flame^  and  gives  off 

muriatic  acid. 

Formula,  (C4  H5)  CI 

Analogous  compounds  may  be  formed  of  ethule  with  iodine 
and  bromine. 

§  1003.  Nitrous  Ether,  Hypomtrite  of  Ethule,  b  best 
formed  by  generating  red  fumes  of  hyponitrous  acid^  and  con- 
ducting them  by  a  bent  tube  to  the  bottom  of  a  two-nednd 
bottle,  containing  alcohol.  They  are  absorbed^  and  with  the 
heat  which  is  evolved  the  compound  of  ether  and  the  acid  wiD 
be  distilled  over  through  a  second  tube^  and  may  be  condensed 
in  a  refrigerated  receiver  in  a  perfectly  pure  state.  It  is  a  liquid 
of  a  pale  yellow  colour,  and  emits  the  odour  of  apples,  specific 
gravity  0.947,  and  it  boils  at  61°  Fahrenheit. 

Formula,  (C4  H5  O)  NO, 

§  1004.  Acetic  Ether,  Acetate,  of  Ethule,  is  prepared  by 
distilling  16  parts  of  dry  acetate  of  lead^  4}-  alcohol,  and  6  of 
oil  of  vitriol.  After  rectifying  the  product  over  lime  the  ether 
is  colourless,  and  very  inflammable;  boils  at  165°;  and  pos- 
sesses an  agreeable  odour. 

Formula,  (C^  H,  O)     (C^  H,  O3) 
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§  1005.  Oxalu:  Ether,  Oxalate  of  Etkuf eymsy  be  formed 
by  distilling  one  part  of  alcohol  with  one  of  binoxalate  of 
potassa,  and  two  of  oil  of  vitriol.  At  firsts  some  water  and 
oommon  ether  pass  over^  but  then  a  heavy  fluids  which  sinks  to 
the  bottom  of  the  receiver.  The  heavy  ether  is  rectified  by 
distillation  off  litharge.  It  is  a  colourless  oily  liquid^  of  an 
aromatic  odour.  Specific  gravity  1.0929.  Its  boiling-point 
18  363^ 

Formula,  (C4  H,  O)     (C^  O3) 

§  1006.  We  will  now  return  to  alcohol,  for  the  purpose 
of  showing  how  circumstances  may  determine  in  it  a  new 
species  of  fermentation  called  the  acetic  fermentation,  upon 
which  depends  a  totally  different  series  of  interesting  transfor- 
mations. 

It  consists  in  the  absorption  of  oxygen ;  but  for  the  com- 
mencement of  the  process  some  ferment  is  necessary,  as  for 
the  commencement  of  the  vinous  fermentation.  Pure  alcohol, 
whether  weak  or  strong,  will  undergo  no  change  by  exposure  to 
the  air;  but  if  a  body  itself  undergoing  decomposition,  and 
absorbing  oxygen  from  the  air,  be  added  to  it,  at  a  temperature 
between  70°  and  80°,  it  immediately  begins  to  absorb  oxygen 
with  great  rapidity,  and  is  converted  into  acetic  acid  or  vinegar. 
We  cannot  here  dwell  upon  the  processes  for  manufacturing 
wine  or  malt  vinegar,  which  used  to  be  effected  by  exposing  the 
vinous  liquid  in  vats  for  a  long  time  to  the  action  of  the  air,  but 
it  is  now  greatly  expedited  by  causing  it  to  percolate  a  cask 
filled  with  wood  shavings,  and  thus  exposing  a  large  surface  to 
the  air.  The  absorption  of  oxygen  is  so  rapid  that  the  tempe- 
rature rises  to  100°,  and  a  current  is  established  through  the 
vessel  by  which  a  constant  supply  is  kept  up.  The  process 
which  used  to  occupy  many  weeks  is  thus  completed  in  36 
hours. 

§  1007*  Spongy  platinum,  or  platinum  in  that  still  more 
divided  state  in  which  it  is  known  by  the  name  of  platinum 
Uaek,  will  perform  the  part  of  a  ferment  in  the  oxygenation  of 
alooholj  and  we  thus  obtain  some  insight  into  the  nature  of 
such  catalytic  actions.  We  have  seen  (§  642,  &c.)  that  this  metal 
18  capable  of  condensing  aeriform  matter  and  retaining  it  by  the 
fioroe  of  heterogeneous  adhesion;  the  oxygen  which  it  thus 
condenaeB  is  in  exactly  that  state  in  which  its  elasticity  being 


652  ALDEUYD. 

controlled,  it  is  most  fitted  to  exert  its  chemical  attraction. 
The  oxygenation  of  the  alcohol  takes  place  with  such  energy 
upon  the  surface  of  the  metal  that  platinum  black  in  contact 
with  the  vapour  of  alcohol  and  air  becomes  red  hot  The 
process  is  not  only  capable  of  being  carried  on  upon  a  small 
scale,  but  has  been  applied  in  Germany  to  the  manufacture  of 
acetic  acid. 

Although  carbonic  acid  is  generally  given  off  in  the  common 
process  of  the  acetic  fermentation  it  has  been  fully  ascertained 
that  this  is  not  an  essential  product  of  the  process,  for  the 
ultimate  products  of  the  oxidation  of  alcohol  are  only  acetk 
acid  and  water;  four  equivalents  of  oxygen  are  absorbed  and  a 
tritohydrate  of  acetic  acid  formed ;  thus  refetringto  theformuls 
which  we  have  already  adopted  for  these  compounds 

(C4  H5)  O,  HO  +  4  O  =   CC4  H3  O,)  3H0 

§  1008.  But  it  will  be  observed  that  the  type  of  our  hydro- 
carbon is  now  altered,  and  that  our  radicle  can  no  longer  be  C4  H^ 
or  C4  H4,  but  C4  H3.  Such  a  hypothetical  radicle  (for  the  own- 
pound  has  never  been  insulated)  has  been  traced  in  varioos 
other  compounds,  and  has  been  named  acetule.  The  simpk 
oxide  of  this  radicle  is  unknown ;  but  the  formation  of  its 
hydrated  oxide  often  precedes  that  of  acetic  acid  in  the  pro- 
cesses which  we  have  described.  It  may  be  prepared  by  dis- 
tilling at  a  gentle  heat  a  mixture  of  6  parts  of  sulphuric  add, 
4  parts  of  water,  4  parts  of  rectified  spirits  of  wine,  and  6  of 
peroxide  of  manganese;  the  product  is  carefully  condensed  so 
long  as  frothing  goes  on  in  the  retort.  It  must  be  purified 
by  rectification  by  a  water  bath  from  an  equal  weight  of 
chloride  of  calcium  till  one  half  has  distilled  over.  It  can  only* 
however,  be  rendered  quite  pure  by  mixing  it  with  an  eqnal 
bulk  of  ether  and  saturating  it  at  a  low  temperature  with  ammo- 
niacal  gas;  a  compound  is  deposited  in  colourless  crptab, 
which  must  be  washed  with  ether  and  dried  in  the  air.  From 
this  the  pure  compound  may  be  obtained  by  decomposition  of 
its  solution,  by  dilute  sulphuric  acid,  and  rectification. 

It  is  a  colourless  liquid ;  of  a  peculiar  pungent  ethereal  smeU* 
Its  specific  gravity  is  0.709  at  64°;  it  boils  at  71^.6;  isrery 
combustible,  and  miscible  with  water,  alcohol,  and  ether.  It 
changes  in  the  air  into  acetic  acid  by  absorption  of  oxygen.  It 
has  been  called  aldehyde  an  abbreviated  expression  for  dehf- 
drogenated  alcohol. 

¥otmMias^C,H^10  -f   HO 
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from  which  it  will  be  perceived  that  it  may  be  considered  as 
analogous  to  alcohol,  and  that  one  form  of  hydrocarbon  acetule 
is  substituted  for  ethule. 

It  shows  some  approach  to  the  character  of  an  acid  by  its 
combination  above  described  with  ammonia,  and  by  combining 
with  potassa. 

§  1009.  Another  equivalent  of  oxygen  may  be  added 
to  aldehyd  by  heating  it  in  contact  with  oxide  of  silver.  One 
half  of  the  oxide  is  reduced  to  the  metallic  state  while  the  other 
half  unites  with  the  acid  which  is  formed,  and  which  has  been 
named  the  acetous  acid.  It  may  be  obtained  pure  by  the 
decomposition  of  the  salt  of  silver  by  sulphuretted  hydrogen ; 
and  constitutes  a  liquid  of  an  agreeable  acid  taste. 

Formula,  (C^  IIj)  Og   +  HO 

§  1010.  Of  the  extension  of  this  hypothesis,  which  consi- 
ders olefiant  gas  and  etherine  as  a  hydruret  of  acetule, or  (C4H3)H, 
and  which  would  require  us  to  return  upon  all  the  preceding 
compounds  to  adapt  them  to  this  new  radicle,  we  hardly 
know  what  to  say,  except  that  the  spirit  of  generalization  is  apt 
to  carry  us  too  far,  and  that  a  multiplicity  of  conjectural  views 
is  ill  adapted  to  elementary  instruction. 

§  1011.  Under  the  influence  of  a  red  heat,  the  acetic  acid 
resolves  itself  into  carbonic  acid  and  an  inflammable  liquid  to 
which  the  name  of  acetone  has  been  given.  The  latter  may  be 
obtained  by  distilling  acetate  of  lime  or  of  baryta  at  that  tem- 
perature, and  collecting  the  volatile  product :  carbonate  of  lime 
or  baryta  will  remain  in  the  retort.  If  we  deduct  the  elements 
of  carbonic  acid  from  the  formula  of  acetic  acid  we  shall  obtain 
the  formula  of  acetone  :  for 

C4  II3  O3    Acetic  acid. 
—   C  Og    Carbonic  acid. 

=  C.|  H3  O      Acetone. 

It  may  also  be  formed  abundantly  by  passing  the  vapour  of 
■oetic  add  through  a  tube  containing  charcoal  heated  just  below 
ledneM. 

It  is  a  colourless  liquid,  lighter  than  water;  and  boils  at 
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When  heated  with  hydrate  of  potassa,  it  is  transfonned 
wholly  into  light  carburetted  hydrogen  and  carbonic  acid, 

C3H3O  +  HO  =  CjH4   +  C0« 

And  it  may  be  restored  to  the  form  of  acetic  acid  by  treatment 
with  oxidizing  agents. 

§  101 2.  The  next  series  of  metamorphoses  which  we  shill 
select  for  our  illustration  is  of  extreme  interest,  as  presenting  m 
with  the  combination  of  another  radicle  consisting  of  another 
form  of  hydrocarbon,  which,  in  its  compounds,  preserves  a 
complete  parallel  with  those  of  ethule.  It  has  been  named 
methuhy  and  like  ethule  has  never  been  insulated. 

Formula,  C2  H3 

It  is  derived  from  the  transformation  of  the  elenoients  of 
lignin. 

When  wood  is  subjected  to  the  influence  of  a  red  heat  in 
the  destructive  distillation,  charcoal,  preserving  the  oiganic 
texture  of  the  vegetable  substance,  remains  in  the  retort,  inflam- 
mable gases  are  given  ofi^,  and  liquid  products  may  be  collected 
which  spontaneously  separate  into  two  parts ;  the  upper  con- 
sisting of  oily  and  tarry  matters,  the  lower  of  water,  acetic  add, 
and  a  spirit  to  which  the  name  of  pyrowylic  spirit  has  been 
given. 

The  impure  acetic  acid  is  neutralized  by  carbonate  of  lime, 
and  the  acetate  of  lime  thus  formed  is  decomposed  by  su^hate 
of  soda ;  the  acetate  of  soda  is  crystallized  and  fused  to  get  lid 
of  the  adhering  tar ;  re-dissolved  and  re-crystallized^  and  finaDj 
decomposed  by  sulphuric  acid.  The  purest  acetic  acid  is  tboi 
obtained  by  a  manufacturing  process  upon  a  lai^  scale. 

§  1013.  In  concentrating  the  rough  solution  of  acetate  of 
lime  by  distillation,  the  pyroxylic  spirit  is  separated.  It  b  at 
first  contaminated  by  other  volatile  products,  from  which,  how- 
ever, it  may  be  freed.  It  is  then  a  colourless  liquid,  of  a  peco- 
liar  aromatic  odour ;  which  burns  with  a  very  pale  blue  flame. 
Its  specific  gravity  is  0.798 ;  it  boils  at  140°.  The  fbrmnla 
derived  from  its  analysis  is  Cg  H4  Og ;  and  r^arding  it  as  & 
hydrated  oxide  of  methule  it  is  analogous  in  its  constitution  to 
alcohol. 

Formula,  (C«  H,)  O,  HO 
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The  action  of  sulphuric  acid  produces  upon  pyroxylic  spirit 
recisely  similar  changes  to  those  which  it  determines  in 
Icohol. 

§  1014.  Sulphomethylic  Acid  is  formed  exactly  as  the 
nlphovinic.  It  may  be  obtained  in  crystals  by  cautious  eva- 
oration  of  its  solution.  It  forms  permanent  and  easily-crys- 
illizable  salts  with  the  different  bases. 

Formula,  (C^  H3)  0  SO3  +  HO  SO,, 

Meihylic  Ether  is  produced  by  the  decomposition  of  the 
>r^oing  acid  by  heat.  At  ordinary  temperatures  it  is  a 
olourless  gas^  soluble  in  37  times  its  bulk  of  water. 

Formula,  (C^  H3)  O 

nd  it  is  therefore  isomeric  with  alcohol,  but  composed  of  only 
alf  the  number  of  equivalents. 

§  1015.  Sulphate  of  Methule  is  an  oily  liquid,  formed  by 
reating  pyroxylic  spirit  with  five  or  six  times  its  weight  of  sul- 
phuric acid.  It  has  a  strong  odour  of  garlic ;  its  specific  gravity 
.324 ;  it  boils  at  370°.  By  boiling  in  water  or  in  the  solution 
»f  the  alkalies  it  is  immediately  resolved  into  its  constituents. 

Formula,  (Cg  H3)  0   +   SO3 

Its  exact  analogue   of  the   ethule   series  has  never  been 
nsulated. 

§  1016.  Chloride  of  Methule  is  obtained  by  heating  to- 
gether a  mixture  of  common  salt,  pyroxylic  spirit,  and  oil  of 
dtriol.  It  is  a  permanent  gas  which  bums  with  a  greenish 
lame.     Water  absorbs  only  twice  its  volxmie  of  the  gas. 

Formula,  (Cg  H3)  a 

Analogous  compounds  of  iodine  and  bromine  may  also  be 
>btained. 

§  1017.  Oxalate  of  Methule  is  formed  by  distilling  a  mix- 
ure  of  equal  parts  of  p3^roxylic  spirit,  oxalic  acid,  and  sidphuric 
icid.  It  crystallizes  in  large  rhombic  plates;  it  fuses  at  124^, 
md  boils  at  312°.     It  dissolves  both  in  water  and  alcohol. 

Formula,  (Cg  H3)  O,  C,  O3 
§  1018.  Acetate  of  Methule,  formed  by  distilling  together 
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oil  of  vitriol,  acetate  of  soda,  and  oxalic  acid.     It  is  a  oolovlas 
liquid  which  boils  at  136^,  specific  gravity  0.919. 

Formula,  (C,  H,)  O,  (C4  H3  O3) 

It  is  not  necessary  to  describe  the  combinations  of  the  oxide 
of  methule  with  the  other  acids,  which  perfectly  resemble  those 
of  the  oxide  of  ethule. 

§  1019.  The  analogy  of  the  two  radicles  is,  however,  so 
strongly  marked  in  one  other  parallel  transformation,  that  we 
are  tempted  to  describe  its  particulars.  The  oxidation  of 
alcohol  produces  acetic  acid;  the  oxidation  of  pyroxylic  spirit 
produces  formic  acid.  The  process  may  be  carried  on  by 
means  of  spongy  platinum,  and  the  hydrated  oxide  of  methde 
may  be  thus  entirely  converted  into  hydrated  formic  acid. 

(Co  H3)  0,  HO  +  20  =  Cg  HO3   +   HO 

The  hydrocarbon  of  the  radicle  is  here  again  (§  1008)  broken 
up,  and  a  new  hypothetical  radicle  C^  H  formed,  which  has  been 
named  formule.  The  hydrated  oxide  of  this  radicle,  whidi 
corresponds  to  aldehyd,  is  unknown ;  but  formule,  like  acetnk, 
enters  as  a  radicle  into  other  combinations. 

§  1020.  We  will  next  direct  our  attention  to  the  meta- 
morphoses which  organic  substances  undergo,  which  in  addition 
to  carbon,  hydrogen,  and  oxygen,  contain  nitrogen  in  their 
constitution;  and,  notwithstanding  the  greater  complicatioD of 
their  structure,  and  the  immense  variety  of  their  products,  we 
shall  find  them  more  easy  to  unravel  on  account  of  the  TeiJ 
common  production  of  cyanogen,  the  most  simple  of  all  the 
organic  radicles,  and  the  least  difficult  to  examine,  on  account 
of  its  easy  isolation,  its  travelling  in  the  voltaic  circuit,  and  the 
readiness  with  which  it  enters  directly  into  combination  with 
other  bodies  in  the  manner  of  an  elementary  substance.  ff« 
have  already  seen,  that  it  may  be  formed  from  its  elements  bj 
passing  nitrogen  over  charcoal  at  a  high  heat  (§  364). 

When  animal  matters,  which  abound  in  nitrogen,  are  ex- 
posed to  a  red  heat  in  contact  with  carbonate  of  potassa,  the 
same  combination  is  determined,  and  there  is  a  very  extensft 
manufacture  carried  on  for  the  service  of  the  arts,  in  which 
dried  blood,  horns,  hoofs,  &c.,  of  animals  are  heated  with 
common  pearlashes  in  iron  pots,  to  which  iron  filings  ire  al*> 
added,  by  which  cyanogen  is  formed,   and  obtained  in  com- 
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bination  with  potassium  and  iron.  By  lixiviation  and  evapo- 
ration a  beautiful  yellow  salt  crystallizes,  which  is  composed  of 
the  two  cyanides,  and  is  known  by  the  name  of  the  prttssiate  of 
potassa.  By  exposing  this  salt  to  a  red  heat  the  cyanide  of 
iron  is  decomposed  into  nitrogen  and  carburet  of  iron,  but  the 
cyanide  of  potassium  escapes  decomposition,  and  may  be  sepa- 
rated by  solution  and  crystallization.  The  yellow  salt  is  the 
source  from  which  all  the  artificial  compounds  of  cyanogen  are 
commonly  derived.  The  deutocyanide  of  mercury  (§  50?)  may 
formed  from  it,  by  digestion  with  red  oxide  of  mercury;  oxide 
of  iron  and  caustic  potassa  are  set  free  in  the  process. 

We  have  already  suflBciently  described  the  combinations  of 
this  radicle  with  the  elements  and  inorganic  bases;  but  we  must 
dwell  somewhat  particularly  upon  the  compounds  of  the  metallic 
cyanides  with  each  other,  and  upon  some  other  double  cyanides. 

§  1021.  The  yellow  prussiate  of  potassa,  the  manufacture 
of  which  we  have  just  described,  is  a  combination  of  this  kind, 
in  which  one  equivalent  of  cyanide  of  iron  is  combined  ^th 
two  equivalents  of  cyanide  of  potassium. 

FeCy   +   2KCy 

This  compound  docs  not  possess  the  usual  properties  of  a 
cyanide  or  of  a  salt  of  iron;  it  is  not  poisonous,  it  gives  no 
hydrocyanic  acid  with  sulphuric  acid  at  ordinary  temperature, 
and  its  iron  cannot  be  precipitated  by  alkalies  or  their  car* 
bonates.  If  the  potassium  be  separated  from  it,  as  it  may  be 
by%tartaric  acid  in  the  form  of  a  bitartrate  of  potassa,  a  highly 
acid  compound  is  obtained  which  forms  small  yellow  crystals, 
which  contain  one  equivalent  of  cyanide  of  iron,  and  two  of 
hydrocyanic  acid,  or, — 

FeCv   +  2HCy 

§  1022.  These  phenomena  are  best  explained  upon  the 
hypothena  of  the  formation  of  a  new  organic  radicle,  into  the 
composition  of  which  iron  enters,  and  the  symbol  of  which  is, 

FeCy„ 

and  which  has  been  named  Ferroofanogen* 

Upon  thia  view  the  composition  of  the  yellow  prussiate  of 

pobudiiB, — 

FeCjj  +  2K 

and  it  is  named  the  ferrocyanide  of  potaBsiam;  and  the  com- 

2u 
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position  of  the  acid,  which  is  bibasic^  and  named  the  ferrocyanic 
acid  is, — 

FeCj,   +   2H 

§  1023.  This  view  is  borne  out  by  all  the  phenomena  of 
substitution ;  and  ferrocyanides  of  all  the  metals  may  be  ob- 
tained by  the  double  decomposition  of  their  salts  by  fcrro- 
cyanide  of  potassium,  consisting  like  it  of  two  equivalents  of 
the  metal  to  one  of  the  radicle.  The  colour  of  these  salts,  which 
precipitate  when  the  solutions  are  mixed,  is  often  peculiar,  and 
is  used  as  a  test  of  the  presence  of  the  different  metals;  thus, 
ferrocyanide  of  copper,  FeCya  +  2  Cu,  is  of  a  reddish  brown 
colour;  ferrocyanide  of  lead,  FeCys  +  2  Pb,  of  a  yellowish 
white,  &c.  Sometimes  the  two  equivalents  of  one  metal  are 
replaced  by  a  single  equivalent  of  two  metals,  as  FeCyj  +  KCa, 
in  which  potassium  and  lime  are  both  combined  with  the 
ferrocyanogen.  The  theory,  however,  is  put  beyond  a  doubt 
by  an  appeal  to  electrolysis,  and  FeCyj  is  found  in  the  voltaic 
circuit  to  be  exactly  equivalent  to  the  elementary  substances, 
and  the  iron,  contrary  to  its  nature  as  it  were,  passes  to  the 
anode  of  the  voltaic  battery  with  the  cyanogen. 

§  1024.  When  chlorine  is  passed  through  a  solution  of 
ferrocyanide  of  potassium,  till  it  ceases  to  become  blue  by  the 
addition  of  persulphate  of  iron,  the  liquid  becomes  of  a  deep 
green  colour,  and  yields,  on  evaporation,  fine  ruby-red  prismatic 
crystals.  It  is  distinguished  sometimes  by  the  name  of  the  red 
prussiate  of  potassa.  By  decomposition  of  heat  it  yields  exacdy 
the  same  products  as  the  yellow  salt;  and  from  its  compositioB 
it  might  be  regarded  as  a  compound  of  a  sesquicyanide  of  iron 
with  three  equivalents  of  cyanide  of  potassium,  or — 

Fe^Cy,   +   3KCy 

We  will,  however,  contemplate  it  as  a  compound  of  another 
radicle,  isomeric  with  ferrocyanogen,  of  which  the  elements  are 
doubled,  combined  with  three  equivalents  of  potassium,  or 
Fcg  Cye  +  3K,  and  the  radicle  we  will  distinguish  by  the  name 
of  Fenridcyanogen. 

Now  it  appears,  that  the  conversion  of  ferrocyanide  of 
potassium  into  ferridcyanide  by  chlorine  is  effected  by  die 
removal  of  one  equivalent  of  potassium  from  two  equivalents  of 
the  ferrocyanide ;  for 

2(FeCy^2K)    -    K  =  Fe^  C j^  3 K 
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$  1025.  If  solutions  of  the  salts  of  the  diflerent  inetals 
1>e  mixed  i^ath  the  solution  of  the  ferridcyanide  of  potassium^  a 
double  exchange  takes  place,  and  ferridcyanides  are  formed  of 
different  distinctive  colours  from  the  corresponding  ferro- 
cyanides,  the  ferridcyanogen  being  substituted  entire  for  the 
acid,  widi  which  the  metal  had  been  previously  combined. 

§  1026.  If  the  insoluble  ferridcyanide  of  lead,  (Fca  Cye) 
3  Pb^  be  suspended  in  water  and  sulphuretted  hydrogen  passed 
through  it,  the  ferridcyanic  acid  is  set  free,  and  a  red  liquid  is 
obtained,  which  j-ields  on  evaporation  small  brown  cr}'stals: 
the  composition  of  which  may  be  represented  by  the  formula, 

(FegCye,)    +  311 

It  is  a  tribasic  acid,  of  a  sour  astringent  taste,  and  its  salts 
are  formed  by  the  substitution  of  3  equivalents  of  the  metals, 
&c.,  for  the  hydrogen  in  its  composition. 

The  conversion  of  the  yellow  ferrocyanide  of  potassium  into 
the  red  ferridcyanide,  may  be  effected  l)y  the  voltaic  current;  but 
whether  ferridcyanogen  travels  in  the  circuit  as  well  as  ferrocya- 
nogen,  is  now  a  point  of  interesting  experimental  investigation. 

§  1027.  The  action  of  the  yellow  and  red  prussiates  of 
potassa  upon  solutions  of  iron  is  very  interesting  both  on 
account  of  the  value  of  the  products  in  the  arts  and  of  the 
principles  which  it  involves.  When  a  solution  of  ferrocyanide 
of  potassium  is  poured  into  a  solution  of  per-salt  of  iron,  a 
precipitate  of  pure  Prussian  blue  is  formed,  which  is  insoluable 
in  water.  When  carefully  dried  it  is  a  light  porous  body  of  a 
rich  blue  colour,  tasteless,  and  not  poisonous.  It  constitutes  a 
valuable  pigment,  much  used  in  the  arts. 
The  formula  of  its  constitution  is, 

3(FeCy3)  4Fe 

and  that  the  iron  in  its  composition  is  in  two  different  states  is 
proved  by  the  action  of  alkalies,  which  precipitate  four  equi- 
valents of  the  iron  only  in  the  form  of  oxide,  and  produce  an 
■IWlinA  fernx^nide  with  the  remainder.  It  will  be  observed, 
tfuit  this  Pknssian  blue  is  not  a  simple  ferrocyanide  like  the 
isROcyanides  of  the  other  metabs,  but  a  aesqui-ferrocyanide  qf 
InM;  and  this  is  the  reason  of  the  sesqui-oxide  of  iron  being 
leqnired  for  its  formation.    The  reaction  which  arises  upon 

3u3 
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a  mixture  of  ferrocyanide  of  potassium  and  persulphate  of  iron, 
is  shown  by  the  following  formula: 

FeiTOcy.  Pot.  Persul.  Iron«  Prufls.  Blue.  SvH^  Pot 

3(Fe  Cjsy  Ke)  +  2(Fe2  O^  3  SO3)  =  3  Fe  Cy,,  Fe^  +  6(K0,  SO,) 

§  1028.  On  the  other  hand  a  solution  of  the  red  prossiate 
of  potassa,  or  the  ferridcyanide  of  potassium,  produces  no 
change  when  added  to  solutions  of  the  sesqui-oxide  of  iron,  bot 
with  the  protoxide  it  forms  a  variety  of  Prussian  blue  of  great 
beauty,  which  is  manufactured  by  the  name  of  Tumbull's  blue, 
and  is  a  true  ferridcyanide  of  iron,  of  which  the  formula  is, 

(Fcg  Cye)  3  Fe 

The  reaction  of  solutions  of  ferridcyanide  of  potassium  and 
protosulphate  of  iron  upon  each  other,  is  expressed  as  follows: 

Ferridcy.  Pot.  Protsul.  Iron.  Ptusb.  Blue.  Snip.  Pot 

Fe,  Cy^  K3   +  3  (Fe  O,  SO3)  =   Fe^  Cy^  Fe,    +  3  (KO,  SOJ 

§  1029.  Under  certain  circumstances  Prussian  blae  b 
obtained  in  a  soluble  state;  as  for  instance,  when  a  per-silt 
of  iron  is  added  to  a  solution  of  ferrocyanide  of  potassium  in 
excess.  A  portion  of  peroxide  of  iron  is  in  this  case  carried 
down  by  the  precipitate,  and  a  definite  compound  is  obtained, 
which  has  been  distinguished  as  basic  Prussian  blue. 

Formula,  3  (Cy  Fe,)  Fe4   +   Fe^  O3 

This  basic  compound  is  entirely  soluble  in  pure  water,  and 
its  solution  may  be  evaporated  to  dryness  without  decompo- 
sition: the  addition,  however,  of  any  salt  causes  its  separation. 
The  cyanides  of  some  other  metals  are  capable  of  forming 
similar  compound  radicles,  and  thus  we  have  a  cobalto^amde  af 
potassium  and  chromo-q/anide  of  potassium,  &c.,  upon  whid 
we  need  not  dwell. 

§  1 030.  It  is  not  only  with  metallic  elements  that  cyanogen 

appears  to  be  capable  of  forming  compound  radicles,  for  it  mar 

be  obtained  in  similar  imion  with  sulphur  to  constitute  sulpkih 

cyanogen,  which  produces  binary  combinations  with  the  metals. 

When  the  yellow  prussiate  of  potash  is  carefully  mixed  in  fine 

powder,  with  half  its  weight  of  sulphur,  and  fused  in  an  iron 

vessel,  a  sulphocyanide  of  potassium  is   formed,  and  the  iron 

converted  into  a  sulphuret.     The  former  may  be  separated  bjr 

solution,  and  obtained  in  prismatic  crystals  resemUing  Aoac 

of  nitre. 
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By  the  action  of  chlorine  upon  the  solution  of  this  salt, 
chloride  of  potassium  is  formed,  and  a  yellow  precipitate,  com- 
posed of  CySg;  or  some  other  isomeric  compound  of  cyanogen 
and  sulphur.     It  is  very  light,  and  insoluble  in  water. 

That  it  is  the  real  sulphocyanogen  which  is  thus  separated, 
appears  probable,  because  a  similar  product  is  obtained  by 
electrolysis  at  the  anode  of  the  circuit. 

§  1031.  The  sulphocyanides  of  the  other  metals  may  be 
formed  by  the  reaction  of  sulphocyanide  of  potassium  upon 
their  salts. 

The  hydro-sulphocyanic  acid  may  be  isolated  by  decom- 
posing sulphocyanide  of  lead  by  sulphuretted  hydrogen.  It  is 
a  colourless  liquid,  which  is  acid  to  the  taste,  and  reddens 
litmus  paper. 

Formula,  CySg   +  II 

The  reaction  of  the  elements  of  sulphocyanogen  upon  each 
other,  under  the  influence  of  heat,  acids,  and  other  chemical 
agents,  produces  a  multitude  of  metamorphoses,  some  of  the 
results  of  which  are  supposed  to  constitute  new  radicles,  and  as 
such  to  enter  into  combination  with  metallic  and  other  elements; 
but  the  discussion  of  them  would  lead  us  too  far  from  our 
present  purpose. 

§  1032.  We  must  hasten  now  to  illustrate  the  subject  of 
metamorphosis,  by  a  rapid  review  of  the  transformations  of 
some  of  the  organic  products  which  we  have  already  described, 
and  in  which  cyanogen,  or  its  compounds,  are  believed  to  bear 
a  considerable  part;  and  particularly  of  urea  and  uric  acid. 

It  will  be  remembered  that  the  formula  of  urea  which  we 
derived  from  its  ultimate  analysis  was 

V/£     JXg     xlf     O2 

and  we  may  observe  that  these  elements  are  capable  of  arrange- 
ment as  hydrated  cyanate  of  ammonia,  or 


NH3  +  CgN,  O  +  HO 

and  the  fiact  is  that  urea,  though  an  organic  product,  may  be 
artificially  formed  by  the  combination  of  cyanic  add  and  am- 
monia. It  is  abundantly  produced  by  double  deoompontion, 
by  mixing  cyanate  of  potassa  with  a  solution  of  sulphate  of 
ammonia  in  water,  and  boiling  the  whole  in  alcohol.    The 
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alcohol  dissolves  out  urea  and  leaves  the  sulphate  of  potassa 
undissolved  ;  the  urea  separates  by  crystallization. 

Urea  is  very  liable  to  a  putrefactive  fermentation^  which  may 
be  determined  in  its  solution  by  a  small  portion  of  any  sub- 
stance in  a  similar  state^  when  by  the  association  of  the  elements 
of  4  equivalents  of  water  1  equivalent  of  urea  becomes  converted 
into  2  equivalents  of  carbonate  of  ammonia. 

Cg  Ng  1X4  0.  +   H4  O4  =   2  (COj  +  NH,  0) 

§  1033.  Let  us  next  remark  that  the  very  complicated 
constitution  of  uric  acid,  C,o  N4  H4  Oe,  is  capable  of  being  repre- 
sented by  2  equivalents  of  cyanogen,  4  equivalents  of  carbonic 
oxide,  and  1  equivalent  of  urea ;  for 

C.oN.H^Oe  =  2(CeN)   +  4(C0)    +   (C.N.H^O,) 

and  Professor  Liebig  supposes  that  the  cyanogen  and  carbonic 
oxide  may  constitute  a  complex  radicle,  C4  N  Oa,  which  has  not 
been  isolated,  of  which  two  equivalents  are  combined  with  tiic 
urea  to  constitute  the  uric  acid,  and  which  are  capable  of  being 
separated  from  it,  and  entering  as  a  whole  into  combination 
with  other  bodies.  To  this  hypothetical  radicle  he  has  given 
the  name  of  uril ;  and  he  observes  that  its  elements  again  are 
equivalent  to  those  of  oxalic  acid,  in  which  one  equivalent  of 
oxygen  has  been  replaced  by  cyanogen. 

(Cg  Og)   +   O     =   Oxalic  acid 

•       (Cg  O,)   +   Cy  =  Uril 

or  cyanoxalic  acid,  as  he  has  also  called  it. 

The  three  substances  which  most  directly  illustrate  this  view, 
which,  however,  rests  upon  no  experimental  evidence  whatever, 
are  constituted  according  to  the  following  formulae  : 

2  (C4  NO2)    +    (C^  Oo  N«  H4)  =   Uric  acid. 
2(C4N02)   +  20  +  4H0     =   Alloxan. 
2(04X02)    +   O   +   5H0       =    Alloxantin. 

The  uric  acid  we  have  already  sufficiently  described. 

§  1034.  Alloxan  is  prepared  by  adding  uric  acidgraduailv 
to  nitric  acid  (spec.  grav.  1.35),  which  dissolves  it  with  effer- 
vescence. The  action  must  be  cautiously  regulated,  and  at 
soon  as  crystals  make  their  appearance  in  the  warm  liquid  tbe 
whole  is  allowed  to  cool,  when  it  becomes  nearly  solid  from  tlie 
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^position  of  crj'stals  of  alloxan.  The  crystals  must  be  washed 
I  a  funnel  with  ice-cold  water.  It  crystallizes  from  a  cold 
j[ueous  solution  in  colourless  octohedrons  with  a  rhombic  base^ 
hich  contain  six  equivalents  of  water;  but  a  saturated  hot 
)lution  deposits  oblique  rhomboidal  prisms,  which  are  anhy- 
rous.  It  is  very  soluble  in  water,  reddens  vegetable  colours, 
id  stains  the  epidermis  purple.  By  the  action  of  alkalies  it  is 
>nverted  into 

§1035.  Alloxanic  acidy  or  2(C4N02)  +  20  +  2  HO, 
r  alloxan  minus  t\^'o  equivalents  of  water.  It  may  be  obtained 
ee  by  decomposing  alloxanate  of  baryta  by  sulphuric  acid, 
"he  acid  solution  obtained  yields  crystals  by  evaporation.  It 
)rms  salts  with  the  different  bases,  and  dissolves  zinc  with  the 
volution  of  hydrogen.  Its  alkaline  salts  afford  ah  indigo-blue 
olour  with  proto-salts  of  iron. 

We  cannot  at  present  enter  upon  the  changes  which  alloxan 
ndergoes  when  submitted  to  the  action  of  different  chemical 
gents,  such  as  ammonia,  sulphuretted  hydrogen,  nitric  and 
alphuric  acids;  the  products  are  almost  numberless,  as  may 
rell  be  supposed  from  what  we  have  already  stated ;  but  they 
re  not  at  present  connected  together  in  any  comprehensive 
iew  which  can  materially  illustrate  the  philosophy  of  our 
ubject. 

§  1036.  Alloxantia  may  be  obtained  by  the  slow  oxida- 
ion  of  uric  acid,  or  the  deoxidation  of  alloxan.  By  the  first 
)roc2ss  uric  acid  is  to  be  diffused  through  boiling  water,  and 
lilute  nitric  acid  added  until  a  perfect  solution  is  effected. 
Vlloxantin  gradually  crystallizes  on  cooling  the  filtered  liquid. 
3y  the  second  process  sulphuretted  hydrogen  may  be  passed 
hrough  a  solution  of  alloxan,  when  sulphur  will  be  deposited 
md  alloxantin  formed.  It  is  sparingly  soluble  in  cold,  but 
iiuch  more  in  boiling  water.  It  reddens  litmus  paper,  but  does 
lot  appear  to  form  salts  with  bases.  When  oxidated  by  treatment 
;vith  solution  of  chlorine  or  strong  nitric  acid  it  is  converted 
nto  alloxan. 

§  103  ?•  The  transformations  which  alloxantin,  again, 
mdergoes  by  chemical  reagents  are  very  numerous  and  compli- 
cated ;  one  of  them  we  shall  describe  as  an  example,  and  on 
iccount  of  the  beauty  of  one  of  the  products. 
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Murexidy  Cis  N5  H«  Oq.  When  7  grains  of  hydnted 
alloxan  and  4  grains  of  alloxantin  are  dissolved  by  boiling  b 
240  grains  of  water,  and  the  boiling  solution  added  to  80  gnins 
by  measure  of  a  cold  strong  solution  of  carbonate  of  ammooii, 
the  mixture  deposits  small  four-sided  prisms^  of  which  two 
faces  reflect  a  green  metallic  lustre  like  that  of  the  wings  of 
carUharides.  They  are^  however,  garnet-red  by  transmitted 
lights.  The  name  of  murexid  has  been  conferred  upon  them. 
Murexid  is  but  slightly  soluble  in  cold  water,  but  its  solatioQ 
is  of  a  most  splendid  purple  colour.  It  is  insoluble  in  alcohol, 
ether,  or  solution  of  carbonate  of  ammonia.  It  dissohes  in 
solution  of  potassa,  to  which  it  communicates  a  splendid  colour 
of  indigo. 

§  1038.  Murexid  is  generally  formed  by  acting  upon  any 
of  the  products  of  the  reaction  of  uric  acid  and  nitric  acid  by 
ammonia :  hence  it  forms  a  very  delicate  test  of  the  presence  of 
uric  acid.  A  fragment  of  uric  acid,  not  larger  than  a  pin's  head, 
dissolved  in  a  drop  of  dilute  nitric  acid  and  touched  with 
ammonia,  immediately  acquires  the  distinctive  purple  colour. 

§  1039.  Dr.  Prout,  the  discoverer  of  this  remarkable  sub- 
stance, considered  it  as  an  anmioniacal  salt  of  a  new  acid,  which 
he  denominated  the  purpuric  add:  and  his  view  is,  probably, 
correct,  for  by  double  decomposition  with  salts  of  potassa, 
baryta,  lead,  and  silver,  purpurates  of  those  bases  may  be 
obtained,  the  formula  of  which  shews  the  acid  to  be  composed 
of  N5  C16  H4  Oio*  Murexid,  or  the  purpurate  of  ammonia, 
would  then  be  constituted  according  to  the  following  formula:— 

N5  C,e  H,  0,0  +  NH,  O 

§  1040.  Murexan,  as  it  has  been  called,  or  purpuric  add, 
may  be  isolated  by  treatment  of  murexid  with  potassa,  and  the 
after  addition  of  sulphuric  acid  in  excess.  It  crystallizes  in 
colourless  plates  of  a  silky  lustre,  and  is  insoluble  in  water  md 
dilute  acids. 

§  1041.  There  is  one  more  of  the  organic  compounds 
in  which  cyanogen  is  supposed  to  be  concerned,  which  we  must 
notice,  because,  like  urea,  art  has  succeeded  in  its  formation, 
by  the  mere  force  of  chemical  affinity,  and  that  is,  the  aUanim 
acid,  which  we  have  already  described  {§  946)  as  the  product  of 
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animal  organization.  Allantain,  as  it  has  also  been  called,  (and 
the  metamorphosis  of  names  in  this  department  of  chemistry,  is 
at  least  as  perplexing  as  the  metamorphosis  of  the  substances 
themselves),  according  to  the  results  of  its  analysis  may  be 
represented  by  the  following  formula: 

Cy^  3  HO 

and  it  may  be  artificially  produced  by  boiling  uric  acid  with 
the  peroxide  of  lead.  For  this  purpose  1  part  of  the  acid  is 
boiled  in  2  parts  of  water,  and  the  oxide  of  lead  added  by  small 
quantities  at  a  time  till  it  ceases  to  change  colour.  The  boiling 
liquid  is  to  be  filtered  and  concentrated  by  evaporation,  and  the 
alkmtoin  will  be  deposited  in  crystals.  Urea  is  also  produced 
with  oxalate  of  lead  (170). 

§  1042.  But  cyanogen  and  its  compounds  not  only  result 
from  the  metamorphosis  of  the  products  of  animal  organization, 
but  also  from  vegetable;  and  it  is  well  known  that  hydrocyanic 
acid  maybe  obtained  from  the  bitter  almond  and  the  cherry  laurel: 
an  examination  of  the  changes  which  such  substances  undergo, 
will  at  once  extend  our  knowledge  of  this  important  radicle, 
and  introduce  us  in  a  connected  manner  to  some  others  of 
considerable  interest. 


§  1043.  Amygdalin  is  a  vegetable  principle  which  may 


(170)  The  following  diagram  may,  perhaps,  assist  to  explain  this 
complicated  metamorphosis.  The  total  number  of  elements  concerned 
are  arranged  in  the  perpendicular  column;  the  results,  on  the  right 
and  left  horizontal  lines. 
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be  obtained  by  bruising  blanclied  bitter  almoods,  and  preuiug 
them  between  hot  iron  plates,  by  which  a  6xed  oil  is  expressed 
from  them:  the  residue,  or  almond  cake  as  it  is  called,  is  thn 
treated  with  strong  boiling  alcohol,  and  the  solution  whicli  u 
obtained,  i;%-aporated  to  the  state  of  a  syrup  by  a  water-bath. 
Tlie  residue  is  then  diluted  with  water,  and  a  little  yeast  added 
to  induce  fermentation,  and  thus  get  rid  of  a  portion  of  su^ 
which  it  contains.  The  bquid  is  then  filtered  and  again  erapv 
rated,  wlieu  tlie  addition  of  cold  strong  alcohol  will  precipiute 
the  amygdalin  in  the  form  of  a  crj'stalline  powder,  whi<4  inay 
be  dried  between  folds  of  filtering  paper. 

It  is  very  soluble  in  water,  and  crystallises  from  a  solution 
saturated  at  G04°,  in  large  transparent  prisms  of  a  silky  lustre. 
whicli  contfun  G  equivalents  of  water:  by  drying  over  sulphuiir 
acid,  it  parts  with  2  equivalents,  but  is  decomposed  at  a  high 
temperature. 

The  formula  derived  from  its  analysis  is, 
C^  Hct,  N,  O^ 
which  is  singularly  confirmed  by  its  metamorphosis,  as  we  sball 
presently  show. 

§  1044.  By  the  action  of  alkalies  am^dalin  is  conrerted 
into  amygdalic  acid;  and  it  )>arts  with  its  nitrogen  in  the  ftrno 
of  ammonia.  The  acid  is  best  prepared  by  boiling  amygdalin  in 
baryta  water,  as  long  as  any  ammonia  is  given  off:  the  baryta  u 
then  all  removed  by  sulphuric  acid,  and  the  liquid  evapoiated. 
It  is  thoB  obtained  as  a  colourless  amorphous  mass,  which  ii 
deliquescent  and  possesses  an  agreeable  acid  taste.  1  equivalent 
of  amygdatin,  with  2  of  n-ater,  are  thus  resolved  into  amyg- 
dalic  acid  and  ammonia. 


C«o,H^N,  0„  +  2H0  =  C^H^O„  +  NH, 

i  1045.  But  the  prindpal  part  of  the  white  Icond,  hoA 
of  the  bitter  and  sweet  almond,  consists  uf  a  ]>ecatiar  niatttf 
which  has  been  named  both  nniiJIris  and  xi/naptasc:  to  (>t>taiii 
it  as  pure  as  ponible,  the  almond  cake,  from  wliirh  the  ft^^t^ 
oil  has  bem  ezprened,  is  maceiated  for  t^rti  huur^  with  iwi« 
its  wdght  of  water,  and  then  mbmitted  to  a  gmduully  incnwiitj 
presfore.  ^e  solution  thns  obtained  ia  freed  from  regculik 
albnmen  by  predpitatiun  witli  acetic  wad,  nnd  from  gmn  ^' 
acetate  of  lead.    From  the  liquid  whioh  renuuiu^  tlnj  la4  i*  i 
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first  thrown  down  by  sulphuretted  hydrogen^  and  the  emulsin 
may  then  be  precipitated  by  alcohol.  It  is  to  be  washed  with 
alcohol  and  dried  in  vacuo  over  sulphuric  acid. 

It  forms  a  yellowish  white  opaque  mass,  resembling  horn ; 
but  hard  and  friable.  It  is  very  soluble  in  water,  but  the 
solution  speedily  undergoes  decomposition.  It  is  precipitated 
in  flocks  by  alcohol,  and  its  solution  coagulates  at  140^,  like 
albumen.     Its  idtimate  analysis  affords,  per  cent.. 

Carbon  .  .  49.025 

Hydrogen  .  .  .           7-788 

Oxygen  .  .  24.277 

Nitrogen  .  .  .         18.916 

"l  00.000 


§  1046.  This  substance  in  small  quantities  has  the  curious 
property  of  determining  the  metamorphosis  of  amygdalin, 
which  by  itself  undergoes  no  change  by  boiling  and  on  mixing 
a  solution  of  10  parts  of  amygdalin  in  100  of  water,  with  1  of 
synaptase  in  10  of  water,  the  transformation  immediately  takes 
place,  and  several  new  products  result,  one  equivalent  of  amyg- 
dalin being  resolved  as  follows  into 


1  Equivalent  c 
2 

>f  Hydrocyanic  acic 
Volatile  oil 

I         .     Cg  UN.. 

*        ^'28         IC   *  *            -  4 

i 
2 

Sugar 
Formic  acid 

6 

Water 

,          ...     H5   .  .      0,- 

Amygdalin 

.    C^o  11.7  N     Ooo 

It  does  not  appear  from  this  result  that  emulsin  itself  parti- 
cipates in  this  transformation;  it  is  partly  coagulated  by  the 
boiling,  and  partly,  as  it  would  appear,  converted  into  sugar, 
as  the  product  of  the  latter  substance  is  greater  than  would 
result  from  the  amygdalin  alone. 

§  1047.  In  the  cotyledons  of  the  bitter  almond,  amyg- 
dalin and  emulsin  are  contained  in  different  cells,  and  are  by 
this  means  preserved  in  their  natural  state  from  reaction ;  when 
bruised  in  water,  the  solution  of  both  takes  place^  and  the 
volatile  oil  and  hydrocyanic  acid  are  obtained  by  distillation. 

Hie  leaves  of  the  Lawro  cerasus  appear  to  contain  amygdalin 
and  a  substance  analogous  to  emulsin,  and  hence  afford  the 
same  products  as  the  bitter  almond  upon  distillation. 
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§  1048.  Hydruret  o/Benzvle.  When  die  volatile  oil  of 
bitter  almonds^  formed  as  above^  has  been  fireed  firom  hydrocy- 
anic acid  by  distillation  from  a  solution  of  chloride  of  iron  and 
lime,  it  is  colourless,  of  a  strong  peculiar  smell,  specific  gnritj 
1.043,  and  boils  at  356^.  Its  taste  is  burning,  and  it  is  lerj 
poisonous.  Its  vapour  may  be  passed  through  a  red  hot  tobe 
without  decomposition.  It  is  soluble  in  30  parts  of  witer, 
and  perfectly  miscible  with  ether  and  alcohol.     Its  dtimite 

analysis  affords 

Ci4  Hfi  Og 

and  it  is  believed  to  be  a  compound  of  a  hypothetical  ndide, 
to  which  the  name  of  bemtde  has  been  given,  with  hydrogen,  or 
a  hydruret  of  benzide. 

Formula,  Ci4  H5  Oj    +  H 

This  radicle  may  be  transferred  entire  to  a  long  series  of 
elements  and  other  radicles,  some  of  which  we  will  proceed 
briefly  to  notice. 

§  1049.  Omde  of  Benzule  is  the  benzoic  acid  whidiie 
have  already  described  as  the  product  of  certain  resins  ind 
balsams. 

Its  formula  upon  this  hypothesis  is, 

(ChH^o,)  +  o  +  ho 

The  oil  of  bitter  almonds  gradually  absorbs  water  and 
oxygen  from  the  atmosphere,  and  becomes  converted  into  ben- 
zoic acid. 

§  1050.  Chloride  of  Benzule  is  readily  formed  by  actmg 
on  the  hydruret  with  chlorine.  It  is  a  liquid  heavier  than  wster, 
and  boiling  at  383^;  when  heated  with  water  it  gnulnaDy 
changes  into  benzoic  and  hydrochloric  acids. 

Formula,  {Cu'^5  O^)   +  CI 

Bromides  and  Iodides  of  Benzule  may  be  obtained  by  analo- 
gous processes. 

§  105 1 .  Sulphuret  of  Benzule  may  be  obtained  by  distilfing 
chloride  of  benzule  with  sulphuret  of  lead ;  double  decompo- 
sition ensues,  and  a  volatile  yellow  oil  is  obtained^  which  con- 
geals into  a  soft  crystalline  mass,  with  a  disagreeable  odoor, 
whose  formula  is 

(C»H,0,)   +  8 
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§  1052.  The  products  of  the  decomposition  of  the  benzule 
series  it  is  impossible  to  enter  upon  here ;  but  they  are  at  present 
unconnected  by  any  general  relations  which  might  render  them 
interesting  in  the  point  of  view  to  which  we  are  confined. 

Other  oils  it  is  supposed  contain  other  radicles  in  combi- 
nation with  hydrogen^  which  constitute  compounds  of  which  the 
bensule  series  may  serve  as  the  type ;  but  we  are  tempted  to 
describe  one  more  on  account  of  its  singular  relations^  and  its 
being  one  of  the  few  organic  products  which  can  be  formed  by 
chemical  forces  alone. 

§  1053.  When  the  flowers  of  the  meadow  sweet  {Spiraea 
ulmaria)  are  distilled  with  water,  a  fragrant  volatile  oil  passes 
over,  which  may  be  purified  by  adding  potassa  and  separating 
a  lighter  oil  by  distillation,  and  by  afterwards  disengaging  it  by 
sulphuric  acid.  It  is  of  a  pale  yellow  colour,  inflammable; 
specific  gravity  1.173 ;  boiling  at  370^.  It  possesses  an  acrid 
taste;  is  slightly  soluble  in  water;  first  reddens  and  then 
bleaches  litmus  paper.  This  oil  is  supposed  to  be  a  compound 
of  a  radicle  to  which  the  name  of  Salicule  has  been  given,  with 
hydrogen,  and  its  formula  is 

(C„,H,0,)  +  H 

and  it  is  in  this  view  a  hydruret  of  salicule.  It  has  also  been 
called  hydro-saliculic  acid,  as  it  combines  with  metallic  oxides, 
its  hydrogen  being  replaced  by  the  metal.  It  may  be  recog- 
nised by  the  violet  colour  which  it  communicates  to  per- 
salts  of  iron.  In  contact  with  chlorine  and  bromine,  hydro- 
chloric and  hydrobromic  acids  are  formed,  and  the  hydrogen 
is  replaced  by  an  equivalent  of  chlorine  or  bromine,  constituting 
chlar(h^aliculic  and  bromo^alictUic  acids. 

§  1054.  Saliculic  acid,  (C,4  H^  O4)  +  O  +  HO.  When 
the  hydro-saliculic  acid  is  dissolved  in  potassa  hydrogen  is 
evolved,  and  the  resulting  salt  being  dissolved  may  be  decom- 
posed by  muriatic  acid,  when  saliculic  acid  will  be  precipitated, 
and  may  be  sublimed  in  long  needles,  like  benzoic  acid.  It 
possesses  all  the  usual  properties  of  an  acid. 

§  1055.  The  hydruret  of  salicule  may  be  formed  artifi- 
cially from  salicine,  by  mixing  it  with  an  equal  weight  of  bi- 
chromate of  potassa,  and  distilling  it  with  2i  parts  of  oil  of 
vitriol  and  20  of  water.     Gas  is  evolved  and  the  oil  passes  over. 


CJ^  OXAUQUDE. 

{  lC66u  The  limits  of  our  plan  will  not  admit  of  our 

of  tiiese  UgUy  interestiiig  tnnsioniA- 


ti:c&.  v^jeti   se  ilwiiliMrly    nmiiberless ;   but  we  trust  thu 
esfticsfc.  tas  been  dooe  far  the  czplaoation  of  their  general  pnn- 


Bi=K  is  nay  not  be  witoDT  irvefemt  to  our  pforpose  to  notiee 
sr^espc  wbicii  is  now  imlring  to  adopt  the  kind  of  retsoning 
wr^-^  we  inT-e  bem  endeaiouiii^  to  explain,  and  which  the 
aecessST  ct  the  esse  has  introduced  into   the  chemistrr  d 

m  m 

in  inorganic  chenustry^  with  regard  puticu- 
poonds  of  ammonia. 


f  1067-  Ormimie  ^  Jmumomim  may  be  obtained  br 
:r  a  sohmon  of  oxalic  acid  by  ammonia  and  crystaffiang 
tfae  sak.  It  is  Tc^y  lofaible  in  water,  but  not  in  alo^ioL  Itt 
cry?S2^  wi*ir£i  are  prismatic,  contain  two  eqiUTalenti  of  vilWf 
cee  «€  which  may  be  expdled  by  heat,  when  they  cnmbk  into 
a  wirhe  powder. 

F<ifmala.NH,  +  C,  O,  +   HO 


!>en  oxabte  of  ammnnia  is  distilled  it  foaes,  IxhIs,  \ 
and  rolasiliaes,  leaiing  a  little  carbon  behind ;  th< 
passes  OTcr  contains  a  floocnlent  substance,  which  aho 
condertsips  upon  the  neck  of  the  retort,  to  which  the  name  of 
cjiLamide  was  giren  by  its  disooTeier,  M.  Dumas :  100  parts  of 
thiC  sak  da  not  yidd  more  than  5  of  this  peculiar  compoiiDd. 
A  Tariety  id  other  products  are  obtained  at  the  same  time;  as 
ammonia,  water,  carbonic  add,  carbonic  oxide,  and  cyanogcB. 
The  oxalaziide  assumes  the  form  either  of  crystalline  plates  or 
of  a  granulated  powder.  It  has  neither  taste  nor  odour,  and 
has  no  action  upon  test  paper.  It  is  volatile  when  healed; 
but  generally  undergoes  partial  decompoaition  when  suUimed^ 
atfording  cyanogen  and  carbon.  It  is  scarcely  soluble  in  water 
at  Gi>^.  and  wholhr  insoluble  in  alcohol. 


$  105S.  Its  ultimate  analysis  affords  the  following  resnlti- 

Eqnir. 

Carbon         .          .       7-4     =      2     .  .12 

OxTgen         .         .     36^     =:      2     .  .16 

Hrdiogen     .          .        4.5      =     2     .  .2 

Mtmgen      .         .     3L8     s=      1      .  .14 

100.0  44 
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Oxalamide  differs  therefore  from  oxalate  of  ammonia  in  con- 
taining two  equivalents  less  of  water ;  for 

CjHgNOg  +  2  HO  =  NH3,C2  03,HO 

And  it  may  also  be  observed  that  its  elements  admit  of  other 
bypothetical  distributions^  as  into  deutoxide  of  nitrogen  and 
olefiant  gas, 

C2O2H2N  =   N02,C2H« 

or  into  cyanogen  and  water, 

C2  Oj  H2  N  =   NCg,  2  HO 

Oxalamide  may  be  reconverted  into  oxalic  acid  and  ammonia 
by  the  resumption  of  water  under  the  influence  of  acids  or 
hydrated  alkalies  assisted  by  heat.  When  boiled  with  potassa 
or  soda  it  evolves  ammonia,  and  an  oxalate  of  the  fixed  base 
remains.  When  boiled  with  strong  sulphuric  acid,  oxalamide 
affords  sulphate  of  ammonia,  and  equd  volumes  of  carbonic 
acid  and  carbonic  oxide  are  evolved. 

§  1059.  Now  it  has  been  supposed  that  oxalamide  is  a 
compound  of  a  new  radicle  formed  by  the  breaking  up  of  the 
constitution  of  ammonia,  and  consisting  of  1  equivalent  of  nitro- 
gen and  2  of  hydrogen,  to  which  the  name  of  amidogen  has  been 
given ;  and  that  the  formula  of  oxalamide  is 

NH2   +  2C0 

It  has  been  stated  to  bear  the  closest  analogy  to  oxygen  and 
chlorine.  It  has,  however,  never  been  isolated,  and  never  even 
transferred,  like  other  radicles,  from  one  compound  to  another 
by  substitution. 

§  1060.  Compounds  of  a  constitution  analogous  to  that 
of  oxalamide  have  been  formed,  which  have  been  distinguished 
by  the  termination  amide. 

Thus  by  acting  on  chloride  of  benzule  with  dry  ammonia, 
benzamide  is  formed ;  or 

0,4  H5  Og  +   NHe 

It  crystallizes  in  rhomboidal  prisms,  which  melt  at  240°,  and 
maybe  distilled  unaltered;  heated  with  potassa  it  yields  am- 
monia and  benzoate  of  potassa. 

§  1061.  If  we  add  to  a  cold  solution  of  bichloride  of  mer- 
cury a  very  slight  excess  of  ammonia,  a  copious  white  precipitate 
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is  formed,  and  the  liquid  is  found  to  contain  exactly  half  the  cliVi- 
rine  of  the  bichloride  combined  with  hydrogen  and  ammonia » 
muriate  of  ammonia.  The  white  powder  which  has  long  been 
known  by  the  name  ot  white  precipitate  of  mercury,  contains  ill 
the  mercury  and  the  remwning  half  of  the  chlorine.  Dr.  Kane 
believes  that  it  b  a  compound  of  chloride  and  amidide  of  mer- 
cary,  and  that  its  formula,  adopting  202  the  ordinary  number 
for  mercury,  is 

HgCI,  +  UgSNII, 

but  Mr.  R.  Phillips  is  of  opinion  that  it  cont^ns  in  addition  the 
elements  of  2  equivalents  of  water,  and  that  its  constitution 
may  be  represented  as  follows  i — 

HgCl„Hg0^2NH, 
An  amidide  of  mercury  has,  however,  never  been  obtuned  in  i 
separate  state. 


§  10G2.  When  potassium  is  heated  in  dry  ; 
gas,  hydrogen  is  set  free,  and  a  compound  is  formed,  wluch  ii  > 
fiisible  solid  of  an  olive-green  colour,  which  has  been  suppoMd 
to  be  an  amidide  of  potassium,  or 

Ka,NH5 
but  it  likewise  contuns  nndecomposed  ammonia.  It  bu,  how- 
ever, been  observed  that  if  ammonia  were  simply  redooed  to 
the  state  of  amidt^n  in  this  process,  4  volumes  ihonld  be 
decomposed  and  evolve  2  volumes  of  hydrogen,  but  in  the  Dnme- 
rous  experiments  of  Gfay  Lussac  and  Thenard,  never  man  timt 
S^  volumes  of  ammonia  were  required  to  famish  3  valniBei  rf 
hydrogen :  so  that  the  constitution  of  the  green  aabatanoe  mart 
be  considered  as  very  problematical. 

§  1063.  Such  is  the  evidence  upon  which  we  an  luniiilil 
to  review  all  the  compounds  into  which  ammonia  oita  wA 
reference  to  this  new  radicle  which  has  never  been  ■tr'ilTi*  tt 
transferred,  and  to  consider  ammonia  itself  as  an  mMk  ^ 
hj/drvffem,  or 

NH,  -I-  H 

Ammonium,  which  we  hare  conndered  as  the  ndide  of  the 

common  salts  of  ammonia,  (an  hypotliens  which  we  have  fbuwl 

to  be  BO  remarkably  confinned  ((  TBI)  by  the  rosolbi  of  clediv 

Ijnds,)  ia  tbea  to  be  ■  mbunidids  of  hydrogen,  or 

■      NH.  +  H. 
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and  sulphate  of  ammonia, 

NHe  +   Hj   +   O   +   SO3 

or  a  sulphate  of  the  oxide  of  subamidide  of  hydrogen;   and 

oxalate  of  ammonia, 

NHg  +  H,  +   O  +   QO3 

an  oxalate  of  the  oxide  of  subamidide  of  hydrogen :   and  so  on 
with  the  salts  of  the  other  acids. 

§  1064.  An  immense  amount  of  ingenuity  has  been  ex- 
pended upon  this  hypothesis,  but,  as  the  nature  of  chemical 
analysis  has  been  most  happily  illustrated  by  the  resolution  of  a 
word  into  its  letters*,  so  we  cannot  help  being  reminded  by 
this  and  similar  transpositions  of  elements,  of  that  ingenious 
exercise  of  the  mind  which  is  afforded  by  the  literary  conceits 
called  anagrams;  in  which  the  letters  of  a  word  are  required  to 
be  transposed  so  as  to  form  another  word ;  unfortunately,  how- 
ever, the  true  chemical  combination  is  not,  in  general,  so  obvious 
as  the  literal. 

§  1065.  The  hypothesis  of  amidogen  does  not  appear  to 
clear  up  any  of  the  difficulties  which  attach  to  some  of  the 
ammoniacal  compounds,  and  is,  therefore,  objectionable  as 
unnecessarily  introducing  a  confusion  of  ideas  and  nomencla- 
ture which  is  much  to  be  deprecated  in  elementary  teaching. 

We  cannot  do  better  than  here  introduce  the  judicious 
observations  of  Professor  Graham,  upon  the  subject,  than 
whom  there  cannot  be  a  more  competent  authorityt- 

^  At  present  our  theories  of  the  constitution  of  compounds 
are  too  uncertain  to  be  regarded  otherwise  than  as  artificial 
aids^  to  facilitate  our  conception  of  the  manner  in  which  the 
formation  of  these  bodies  occurs,  and  of  the  transformations 
which  they  undergo ;  and  a  theory  of  constitution  is,  therefore, 
adopted  more  for  its  convenience  than  its  truth.  This  state  of 
things  leads  to  the  retention  of  the  ammonium  theory,  which 
has  introduced  a  degree  of  simplicity  into  our  views  of  that 
particular  class  of  ammoniacal  compounds  to  which  it  b  appli- 
cablej  that  could  not  easily  be  exceeded.  But  its' adoption 
must  not  be  allowed  to  preclude  the  consideration  of  other 
theories^  such  as  that  of  Dr.  Kane,  which  facilitate  investi- 

•  Was VSLL,  Philomffih^  ^  <A«  IwimitvM  Smmou^  voL  U  p.  S69. 
t  GaABAM'i  BkmmUa  qfCAwtiifty,  p.  413. 
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gallons  in  the  mean  time^  and  may  prove  to  be  truer  in  the 
end/^ 

§  1066.  To  this,  we  must  however  add,  that  the  ^peal 
to  electrolysis,  which  may  be  in  this  instance  made,  in  con- 
sequence of  these  compounds  being  conductors,  decidedly 
negatives  the  hypothesis ;  and  ammonium  invariably  traveb  as 
a  cation  to  the  platinode,  instead  of  amidogen  to  the  zincode  of 
the  battery,  to  which  it  would  necessarily  be  directed,  if  it  bore 
a  strict  analogy  to  oxygen  and  chlorine. 

Thus,  with  oxalate  of  ammonia  we  obtain  NH4  at  the 
platinode,  and  €«  O4  at  the  zincode,  in  accordance  with  the 
ammonium  theory  and  the  binary  theory  of  salts,  while  we 
ought  to  expect  upon  the  amidogen  theory  NH,  at  the  sincode; 
but  we  are  hardly  able  to  guess  at  the  position  to  whidi  the 
remaining  elements  would  attain.  If  we  suppose  C2  H^  to  pas 
to  the  platinode,  what  is  to  become  of  O4  ?  If  we  imagine  them 
to  accompany  C^  H^,  in  what  capacity  will  the  elements  triTd 
together  ?  C^  H^  O4  would  form  a  very  strange  cation  to  NH, 
as  an  anion;  and  if  we  determine  that  they  should  accompany 
NHj,  there  is  an  end  of  the  amidogen  theory.  When  ire 
recollect  the  precise  manner  in  which  the  exchanging  quantities 
must  be  balanced  in  the  axis  of  the  polar  forces  of  the  Toltaic 
current,  it  is  evident  that  such  arrangements  cannot  for  a 
moment  be  supposed  to  be  equivalent  to  each  other. 

§  1067*  We  have  thus  illustrated  the  subject  of  chemiol 
metamorphosis  by  the  spontaneous  changes  which  organic 
products  imdergo  at  ordinary  temperatures,  and  under  the 
influence  of  difierent  chemical  agents;  we  must  yet  add  a  fev 
remarks  upon  the  transformations  which  are  determined  by  high 
artificial  temperatures. 

The  exaltation  of  the  chemical  affinities  of  these  compoonds 
by  heat,  would  naturally  be  supposed  to  disturb  the  unstaUe 
equilibrium  of  their  arrangements ;  but  the  results  are  not  10 
much  imder  our  command  as  in  the  preceding  cases,  in  con- 
sequence of  our  not  being  able  to  regulate  the  application  of  thb 
energetic  agent.  In  applying  it  to  any  mass  we  have  no  means 
of  determining  its  equal  action,  for  its  diflfusion  will  vary  with 
the  mass,  the  conducting  power,  &c. ;  and  a  number  of  diffcfwit 
reactions  will  be  determined  at  different  points,  dependent  upon 
their  respective  temperatures. 
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§  1068.  Thus  we  have  already  noticed  (§  1012),  that  in 
exposing  lignin,  or  wood,  to  destructive  distillation,  we  not 
only  obtain  acetic  acid  and  pyroxylic  spirit,  which  we  have 
already  examined  and  compared  with  the  products  of  the  more 
precise  s)x>ntaneous  metamorphoses  of  the  isomeric  substance 
sugar,  but  a  variety  of  other  products,  some  of  which  we  now 
propose  briefly  to  notice. 

§  1069.  Creosote.  The  tar  which  is  obtained  by  the 
distillation  of  wood  contains  a  number  of  curious  compounds, 
some  of  which  stand  in  need  of  further  examination.  Creosote 
is  obtained  by  repeated  distillations  and  rectifications  of  the  tar, 
in  the  form  of  an  oil  which  sinks  in  water.  It  is  digested  in  a 
solution  of  caustic  potassa,  exposed  to  the  air,  and  then  preci- 
pitated by  the  addition  of  an  acid.  When  thus  purified  it  is 
colourless,  and  possesses  a  penetrating  odour  of  wood  smoke : 
it  has  a  sharp  burning  taste,  with  a  specific  gravity  1.037,  boils 
at  400^,  and  burns  with  a  strong  smoky  flame.  It  mixes  with 
ether,  alcohol,  and  water;  with  the  latter  of  which  it  forms  a 
definite  hydrate. 

Its  formula  is  supposed  to  be 

^14     Hy     Og 

It  coagulates  albumen,  and  in  very  small  quantities  preserves 
fibrin  and  muscular  flesh  from  putrefaction.  It  unites  with 
both  acids  and  alkalies,  but  does  not  appear  to  form  definite 
compounds  with  them. 

§  1070.  Paraffin  is  also  obtained  from  tar  by  a  long  and 
intricate  process.  It  is  a  pure  form  of  hydrocar]>on,  Cli,  but 
in  what  exact  state  of  condensation  has  not  been  ascertained. 
It  is  a  soft  solid  of  a  crystalline  texture,  transparent  and  colour- 
less. It  is  inodorous  and  tasteless,  fusible  at  110^.6,  and  capa- 
ble of  distillation  without  change.  Its  specific  gravity  is  0.870. 
It  bums  like  wax,  without  smoke  or  odour. 

It  is  chemically  distinguished  by  its  remarkable  indifference 
to  the  most  powerful  chemical  agents.  It  is  very  soluble  in 
alcohol  and  ether. 

When  rosin  and  fixed  oils  are  subjected  to  destmctive  dis- 
tillation, an  almost  numberless  variety  of  hydrocarbons  are  pro- 
duced, some  solid  and  others  liquid.  The  mechanical  com- 
pression again  of  some  of  these  produces  another  analogous 

2x2 
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series,  which  were  examined  by  Dr.  Faraday ;  the  most  remiA- 
able  of  which  was  named  by  him 

§  107  !•    Quadri-hydrocarbon.      It  is  a  liquid  which  is 

capable  of  ebullition  at  common  atmospheric  temperature,  and 

may  be  distilled  by  the  heat  of  the  hand.      It  bums  with  a 

brilliant  flame,  and  in   its  liquid  state  is  the  lightest  known 

substance  amongst  solids  and  liquids,  having  a  specific  gravity 

of  0.627.     The  specific  gravity  of  its  vapour  compared  to  air  is 

1.963. 

Formula,  C4  H4 

and  it  is  probably  the  same  compound  as  the  light  oil  of  wine 
or  etherine,  which  we  have  described  (§  1000). 

It  is  also  produced  by  the  destructive  distillation  of  com/- 
chottCj  or  India  rubber,  which,  as  we  have  seen  (§  970),  ia  a 
natural  form  of  hydrocarbon,  (Cg  H7). 

§  1072.  The  great  masses  of  fossil  fuel  which  are  inter- 
spersed in  different  strata  of  our  globe,  are  doubtless  produced 
by  the  slow  metamorphosis  of  vegetable  matters  under  the 
influence  of  heat  and  pressure ;  and  the  usual  products  of  their 
destructive  distillation  bear  a  general  analogy  to,  and  in  numj 
cases  are  identical  with,  those  from  wood.  They  vary  in  their 
proportions  with  the  heat  which  has  been  applied  in  their 
production. 

§  1073.  Naphthaline.  This  substance  is  obtained  abun- 
dantly by  rectifying  coal-gas  tar ;  it  crystaUizes  in  white  silverr 
plates;  specific  gravity  1.048;  melting-point  136^,  and  boiling- 
point  413^.  It  sublimes  rapidly  at  lower  temperatures.  It 
bums  with  a  smoky  flame,  and  possesses  a  very  powerful  pecu- 
liar odour.     It  is  insoluble  in  water,  but  abundantly  soluble  in 

alcohol  and  ether. 

Formula,  G^  H3 

Like  etherine  it  forms  definite  compounds  with  a  greit 
number  of  other  substances ;  some  of  which  are  acids  of  an 
analogous  constitution  to  that  of  the  sulphovinic  acid,  &c« 

§  1074.  One  of  the  most  interesting  of  the  liquid  pro- 
ducts of  the  distillation  of  coal,  is  naphtha.  It  is  a  natural  u 
well  as  an  artificial  product.  It  is  obtained  in  considerable 
quantity  from  the  shores  of  the  Caspian  Sea,  and  from  parts  of 
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Italy.  Its  specific  gravity  varies  finom  .750  to  .850.  It  has  a 
strong  bituminous  penetrating  odour ;  does  not  congeal  at  0° ; 
and  burns  with  a  strong  smoky  flame. 

Formula,  C^  H^ 

but  from  late  experiments  it  is  probably  a  compound  of  other 
principles ;  or^  at  any  rate^  other  principles  are  produced  in  it 
by  transformations  dependent  upon  various  circumstances. 

§  1075.  But  we  must  now  bring  these  observations  to  a 
close ;  and  as  an  excuse  for  not  multiplying  our  illustrations  of 
this  ])art  of  our  subject,  and  as  exactly  expressing  our  own  sen- 
timents upon  the  occasion,  we  cannot  do  better  than  quote  the 
opinion  of  Professor  Liebig,  who  has  himself  so  successfully 
laboured,  not  only  in  the  field  of  speculation,  but  in  that  of 
obser\'ation  and  experiment.  "  Science,'*  he  has  very  recently 
observed*,  "has,  especially  within  the  last  few  years,  been  en- 
riched with  so  many  bodies  of  this  kind,  the  products  of  destruc- 
tive distillation,  that  it  is  much  to  be  wished  the  labours  of 
chemists  were  directed  to  more  really  useful  objects ;  for  things 
of  this  kind  truly  serve  no  other  purpose  than  to  swell  the  size 
of  our  manuals.  *  *  *  *  These  substances  are  not  met 
with  in  organized  nature ;  they  perform  no  part  which  fixes  our 
attention;  it  is  much  to  be  lamented  that  so  few  chemists 
follow  the  example  of  Mulder,  who  by  his  multiplied  and  accu- 
rate examinations  into  the  Laws  of  animal  and  vegetable 
chemistry,  has  opened  a  world  of  new  discoveries.  The  most 
remarkable,  most  interesting,  and  most  important  researches  in 
chemistry  have  little  to  do  with  figures.*' 


XXI.    ATOMIC  THEORY. 

§  1076.  In  the  preparatory  view  of  the  forces  with  which 
matter  has  been  endowed,  which  we  have  been  presenting  to 
the  student  of  natural  science,  we  set  before  him  in  the  first 
place,  the  conception  which  the  mind  of  Newton  had  formed  of 
the  atomic  constitution  of  matter  (§  7)-  The  same  hypothesis 
may  be  traced  back  to  the  writings  of  Epicurus  and  his  fol- 
lowen^  and  even  to  earlier  times ;  and  in  this^  as  well  as  many 
other  instances,  we  cannot  but  admire  the  acuteness  of  intellect 

•  ^MMl^  Ar  CAMilf,  4v.,  Imnd  88,  p.  S03. 
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which  at  so  early  a  period  of  philosophy,  propounded  specu- 
lations upon  the  constitution  of  the  universe,  which  have  stood 
their  ground  till  the  present  advanced  state  of  science.  The 
intellectual  vigour  of  the  philosophers  of  antiquity,  indeed,  was 
capable  of  the  grandest  and  most  comprehensive  views  of  nature, 
and  often  conducted  them  to  the  most  sublime  truths,  but  in 
attempting  perpetually  to  soar  above  the  vulgar  paths  of  obserr- 
ation  and  experience,  they  speedily  became  confounded  in  the 
mists  of  error  and  conceit. 

The  atomic  doctrine,  although  at  first  sight  it  might  appear 
to  belong  exclusively  to  metaphysical  science,  has  received  it» 
greatest  support  from  the  progress  of  chemistry  in  modem 
times ;  and  Dr.  Dalton,  the  great  discoverer  of  the  theory  of 
multiple  and  equivalent  proportions,  clothed  his  \'iews  from  the 
first  in  the  language  of  this  speculation :  and,  hence,  the  tenn 
atom  is  now  often  used  by  writers  and  lecturers  as  synonymous 
with  equivalent. 

The  law  of  multiple  proportions  is,  in  fact,  a  necessary  con- 
sequence of  the  atomic  h3rpothesis ;  for  if  bodies  combine  only 
atom  with  atom,  or  one  atom  with  two,  &c. — the  weight  of  such 
atoms  having  a  fixed  relation  of  weight  to  one  another — ^it  b 
clear  that  whatever  may  be  the  aggregate  number  of  particles  » 
combining,  the  total  weight  of  one  sort  must  be  in  the  same 
proportion  to  the  total  weight  of  the  other  sort. 

All  the  phenomena  are,  in  fact,  irreconcilable  with  the  rival 
hypothesis  of  the  infinite  divisibility  of  matter. 

§  1077-  With  regard  to  the  absolute  weight,  sizes,  and 
numbers  of  the  ultimate  particles  of  matter,  nothing  of  course 
can  be  determined;  nothing,  moreover,  with  regard  to  the 
absolute  quantities  of  heat,  electricity  or  attraction  with  which 
they  may  be  associated  or  endued ;  but  speculations  upon  the 
relative  proportions  which  the  atoms  of  different  species  of 
matter  bear  to  one  another,  in  these  respects,  have  been  sup- 
ported by  experimental  evidence  and  inductive  reasoning  of  Ac 
most  ingenious  description.  These,  perhaps,  are  best  kept  out 
of  sight  in  the  first  steps  of  physical  investigations,  as  likely  to 
turn  the  mind  from  that  rigid  method  of  induction  from  fiicts, 
by  which  alone  the  student  can  be  safely  guided ;  but  in  a  mat 
advanced  stage  they  have  their  use  in  expanding  the  mind,  and 
in  imparting  a  lively  interest  to  the  subject.  We  shall  theft- 
fore,  conclude  this  view  by  illustrating  the  mode  of  reasonini:? 
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by  which,  on  one  hand^  the  atomic  theory  has  been  supported 
by  experiment,  and  by  which,  on  the  other,  it  has  been  made 
the  means  of  suggesting  experimental  inquiry. 

§  1078.  Dr.  Dalton  announced  the  important,  but  simple 
generalization  at  which  he  had  arrived  in  the  following  terms* : — 

"  In  all  chemical  investigations,  it  has  justly  been  considered 
an  important  object  to  ascertain  the  relative  weights  of  the 
simples  which  constitute  a  compound.  But,  unfortunately,  the 
inquiry  has  terminated  here ;  whereas,  from  the  relative  weights 
in  the  mass,  the  relative  weights  of  the  ultimate  particles  or 
atoms  of  the  bodies  might  have  been  inferred,  from  which  their 
number  and  weight  in  various  other  compounds  would  appear, 
in  order  to  assist  and  to  guide  future  investigations,  and  to 
correct  their  results.  Now,  it  is  one  great  object  of  this  work 
to  show  the  importance  and  advantage  of  ascertaining,  tlie  rela- 
tive weights  of  the  ultimate  particles^  both  0/ simple  and  compound 
bodies f  the  number  0/ simple  elementary  particles  which  constitute 
one  compoufid  particle,  and  the  number  of  less  compound  particles 
which  enter  into  the  formation  of  one  more  compound  particle. 

"  If  there  are  two  bodies^  A  and  B,  which  are  disposed  to 
combine,  the  following  is  the  order  in  which  the  combination 
may  take  place,  beginning  "with  the  most  simple :  namely, — 

1  atom   of  A  +  1  atom   of  B  =  1  atom  of  C  binary. 

1  atom   of  A  +  2  atoms  of  B  :=:  1  atom  of  D  ternary. 

2  atoms  of  A  +  I  atom    of  B  =  1  atom  of  E  ternary. 

I  atom   of  A  +  3  atoms  of  B  =  1  atom  of  F  quaternary. 

3  atoms'  of  A  =  I  atom   of  B  =  1  atom  of  G  quaternary." 

&c.,  &c. 


He  proceeds  to  lay  down  the  following  general,  but  arbitrary, 
rule,  as  a  guide  to  all  our  investigations  respecting  this  species 
of  hypothetical  synthesis:  and  thb  rule,  in  fact,  constitutes  the 
fixed  point  from  which  calculation  must  set  out;  the  fulcrum 
from  which  the  hypothesis  must  be  applied : — 

'*  1st.  When  only  one  combination  of  two  bodies  can  be 
obtained,  it  must  be  presumed  to  be  a  binary  one,  unless  some 
GBuse  appear  to  the  contrary. 

"2nd..  When  two  combinations  are  observed,  ihey  must  be 
pramned  to  be  a  binary  and  a  ternary/'  &c. 

•  Ntm  SwU9m  qfChmkal  PMompkft  voL  L,  p.  SIS. 
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§  1079.  In  this  statement,  it  will  be  perceived,  that  Dr. 
Dalton  has  associated  the  fact,  that  the  proportion  inwhidi 
bodies  combine  follows  the  numerical  laws  upon  which  we  have 
already  laid  so  much  stress,  with  the  hypothesis,  that  the  onioD 
in  all  cases  takes  place  between  the  atoms  which  constitute  the 
substance  in  question;  and  that,  in  each  substance,  the  atoms 
are  themselves  characterized  by  a  proportionate  difference  in 
point  of  weight  (l?!)- 

§  1080.  With  regard  to  the  shape  of  the  atomic  particles, 
we  have  already  given  the  rival  hypotheses  of  polyhedral  and 
spheroidal  forms  in  discussing  the  subject  of  crystallization,  and 
stated  the  reasons  for  concluding  that  the  latter  is  the  more 
probable  of  the  two. 

The  spheroidal  hypothesis  has  received  a  further  extension 
by  supposing  that  the  structure  of  bodies  is  not  simply  due  to 
their  mutual  powers  of  attraction,  but  to  a  balance  between  the 
attractive  force  of  the  atoms  and  the  repulsive  power  of  an 
elastic  atmosphere,  with  which  we  may  conceive  each  to  be 
surrounded,  and  which  is  sometimes  assumed  to  be  the  matter 
of  heat.  The  atoms  are  imagined  to  be  attractive  of  each  other 
and  of  the  particles  of  the  hypothetical  atmosphere^  bat  the 
latter  highly  repulsive  of  each  other. 

§  1081.  Upon  these  postulates  each  spherical  atom  would 

(I7I)  These  are  some  of  the  arbitrary  marks,  or  signs,  cfaoaea  bj 
Dr.  Dalton,  to  represent  the  several  chemical  elements  and  their 
compounds.     The  relative  weights  of  the  atoms  are  placed  under 
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them: — 1  represents  the  atom  of  hydrogen;  2  nitrogen;  3  carboa; 
4  oxygen;  5  phosphorus;  6 sulphur;  7  represents  the  compound  atom 
of  water;  8  protoxide^  of  nitrogen;  9  carburetted  hydrogen;  10  ox* 
of  carbon ;  1 1  sulphuric  acid. 
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be  surrounded  by  a  stratum  of  equal  depth  in  all  its  parts^ 
uniformly  distributed  over  its  surface^  which,  preventing  the 
actual  contact  of  the  particles,  would  nevertheless  allow  them 
to  arrange  themselves  according  to  the  laws  of  the  predominant 
attraction  (172). 

Any  addition  or  diminution  of  the  repulsive  aura  would 
cause  the  atoms  to  recede  from  or  approach  towards  each  other 
equally ;  and  if  we  were  to  heat  a  solid  so  constructed  it  would 
expand  equally  in  all  directions. 

But  this  would  not  be  the  case  with  oblate  spheroids  instead 
of  spheres.  For,  in  the  first  place,  as  the  force  of  their  attrac- 
tion upon  the  particles  of  the  aura,  must,  from  the  nature  of 
their  form,  be  exerted  with  greater  force  in  the  direction  of 
their  shorter  axes  than  that  of  their  longer,  the  centre  of  the 
spheroid  being  nearer  to  them  in  this  direction; — taking  for 
granted  two  fundamental  laws  of  attraction,  first,  that  all  the 
particles  of  matter  attract  one  another  directly  as  their  masses, 
and  inversely  as  the  squares  of  their  distances;  secondly,  that 
a  body  of  any  shape  will  attract  a  particle  of  matter  anywhere, 
with  the  same  force  and  in  the  same  direction,  as  if  all  the 
matter  of  that  body  were  collected  in  its  centre  of  attraction, — 
it  is  clear  that  their  repulsive  atmospheres  would  not  be  dis- 


(I72)  We  may  suppose  fig.  1  to  represent  a  section  of  the  tetra- 
bednil  arrangement  of  spheres  in  simple  contact;  and  fig.  2  of  the 
same  spheres,  with  their  atmospheres:  an  arrangement  essentially  the 
same  with  regard  to  structure  and  external  figure.  Any  addition  or 
diminution  of  the  repulsive  aura  would  cause  the  atoms  to  approach 
towards  and  recede  from  each  other  equally. 

Fig.  3.  Fig.  4.  Fig.  6. 


Fig.  3  represents  a  section  of  the  tetrahedral  arrangement  of 
oUate  spheroids  in  simple  contact;  and  fig.  4  an  ohlate  spheroid  with 
its  atmosphere,  which  is  collected,  according  to  the  laws  of  attraction, 
in  a  layer  of  greater  depth  above  the  shorter  axis  than  above  the 
longer.  In  Fig.  5  we  are  presented  with  the  tetrahedral  arrangement 
of  similar  spheroids;  from  which  it  is  clear  that  any  addition  to  their 
atmospheres,  aooording  to  the  same  laws,  will  cause  a  greater  expansion 
in  the  direction  of  the  shorter  axis  than  in  that  of  the  longer. 
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tributed  in  equal  layers  over  their  sur&ces,  but  would  be 
collected  in  greater  depth  above  the  shorter  axes  than  the 
longer;  and  the  atoms,  with  their  atmospheres,  would  assume 
more  of  the  spherical  form  than  belongs  to  the  atom  alone. 

§  1082.  A  solid  crystal,  therefore,  thus  constructed^  must 
change  the  measure  of  its  angles  with  every  change  of  tem- 
perature. As  we  have  already  seen  (§  122),  this  is  precisely 
what  Professor  Mitscherlich  has  ascertained  to  happen  with 
crystals  of  carbonate  of  lime  and  other  substances  not  crystal- 
lizing in  the  regular  octohedral  series.  In  substances  crystal- 
lizing in  this  series  he  also  ascertained  that  the  expansion  was 
equal  in  all  directions. 

These  consequences  might  have  been  anticipated  from  the 
hypothesis,  and  the  observation  of  the  actual  phenomena  tends 
powerfully  to  its  support. 

§  1083.  Passing  from  the  consideration  of  the  weights 
and  forms  of  the  atoms  of  different  kinds  of  matter  to  their 
relative  distances,  it  has  been  argued  that  the  particles  of  all 
elastic  fluids  are  placed  at  equal  distances  from  each  other,  and 
that  equal  measures  of  such  fluids  contain  an  equal  number  of 
particles.  This  opinion  is  founded  upon  their  equal  dilatation 
and  contraction  by  equal  changes  both  of  pressure  and  tem- 
perature. The  fact  of  the  same  force,  apphed  to  different  gases, 
attracting  or  repelling  their  atoms  to  the  same  amount  leads  to 
the  conclusion  that  under  similar  circumstances  their  distances 
must  be  the  same. 

It  follows  also  from  this  assumption,  that  the  atomic  weights 
of  simple  gases  must  be  proportionate  to  their  densities,  and  that 
these  may  be  determined  by  experiment,  not  oiJy  with  bodies 
which  are  naturally  in  a  gaseous  state^  but  with  such  bodies  as 
are  volatile  below  the  fusing-point  of  glass,  by  which  our  cxjw- 
riments  are  limited. 

§  1084.  The  following  table  exhibits  the  specific  gravities 
of  the  several  gases  and  vapours  named  in  the  first  column,  the 
atomic  weights  derived  from  this  calcidation,  and  the  equiva- 
lent proportions  in  which  they  combine,  or  what  we  must  now 
regard  as  the  atomic  weights  derived  from  their  affinities: 
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Taiilb  LIV.     Atomic  and  Equivalent  Weights. 


Specific  gra- 
vity from 
Experiment. 

Atomic     •£«     •     1     . 
Weight.     Equ,yalent«. 

Hydrogen    . 

0.0688 

1.0  =       1.0 

Oxygen 

1.1026 

16.0  =      8.0  X  2 

Nitrogen 

0.9760 

14.1  =     14.0 

Chlorine 

2.4700 

35.9  =    36.0 

Bromine 

5.5400 

80.5  =    78.0 

Iodine 

8.7I6O 

126.6  =  125.0 

Phosphorus 

4.4200 

64.2  =:     16.0  X  4 

A  rsenic 

10.6000 

154.0  =    38.0  X  4 

Sulphur 

6.61 70 

96.1  =     16.0  X  6 

Mercury 

6.97()0 

101.3  =  202.0  X  i 

Here  we  at  once  see  that  the  atomic  weights  thus  derived 
from  specific  gravity,  allowing  for  very  minute  errors  of  experi- 
ment^  are  either  identical  \i4th,  or  simple  multiples  and  sul)- 
multiples  of,  the  equivalents  derived  from  chemical  combination. 
That  they  are  not  in  every  case  identical  requires  a  modification 
of  the  hypothesis,  and  to  reconcile  the  two,  we  must  admit  that 
the  number  of  atoms  in  the  same  volume  of  the  different  gases 
is  not  equal,  but  that  they  bear  some  simple  proportion  to  one 
another,  as  1  :  1,  or  1  :  2,  or  1  :  3,  &c.,  or  that  the  compounds 
which  were  supposed  to  be  binary,  or  atom  with  atom,  are  in 
some  cases  binary,  quaternary,  &c. 

§  1085.  With  regard  to  liquids  in  general,  the  inequality 
of  their  expansion  by  heat  would  seem  to  lead  to  a  directly 
opposite  conclusion  to  that  which  we  have  arrived  at  with 
regard  to  aeriform  bodies:  nevertheless  their  particles  may  offer 
simple  points  of  relation  to  each  other,  if  the  comparison  be 
made  under  exactly  similar  circumstances.  M.  Gay  Lussac  has 
proved  this  by  showing  that  equal  volumes  of  alcohol  and 
sulphuret  of  carbon,  measured  at  equal  distances  from  their 
respective  boiling-points,  and  allowed  to  cool  an  equal  number 
of  dq^rees^  will  always  remain  equal. 

This  result  is  exhibited  in  the  following  table,  in  which  will 
be  found  the  contractions  which  1000  parts  of  these  two  liquids 
undergo  for  every  9°  of  Fahrenheit,  setting  out  from  the  boiling- 
point  of  each : — 
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Table  LV.     The  Contractions  of  Alcohol  and  Sulpharet  of 

Carbon. 


Number  of  De- 
grees by  which 
the  Temperature 
was  lowered. 

Contraction  of 
1000  parts  of  Al- 
cohol, from  the 
Tempetatnre 
17S°.8. 

Contraction  of 

1000  parts  of  Snl- 

phoret  of  Oubon 

from  113°. 

9 
18 

27 
36 
45 
54 
63 
72 
81 
90 
99 
108 

5^5 
11.43 

17.51 

24.34 
29.15 
34.74 
40.28 
46.68 
50.85 
56.02 
61.01 
65.96 

6.14 
12.01 
17.98 
23.80 
29.65 
35.06 
40.48 
45.88 
51.08 
56.28 
61.14 
66.21 

As  these  contractions  are  sensibly  equal,  it  is  clear  that  the 
volumes  of  the  two  liquids  must  be  equal  at  the  tempontara 
denoted :  and  to  compare  them  under  equal  circumstances,  it  b 
necessary  to  maintain  between  them  the  thermometric  inteml 
which  separates  their  points  of  ebullition. 

Equal  volumes  of  alcohol  and  sulphuret  of  carbon  measured 
with  this  precaution  would  give  equal  volumes  of  vapour  met- 
sured  at  the  same  temperature  and  pressure ;  and  this  theoredcal 
conclusion  has  been  confirmed  by  experiment. 

§  1086.  Hence  we  might  conclude  that  if  equal  volumes 
of  the  two  vapours  contain  an  equal  number  of  atoms,  eqoil 
volumes  of  the  liquids,  measured  under  the  conditions  whidi  we 
have  just  pointed  out,  must  do  the  same. 

This  is,  however,  by  no  means  a  general  law ;  but  still  theft 
is  reason  to  suppose  that  an  intimate  relation  would  be  fiwnd 
between  liquids  and  their  vapours,  provided  a  comparison  were 
instituted  either  at  their  boiling-points,  or  at  their  pomts  of 
greatest  viscosity. 

§  1087.  The  atomic  weights  of  bodies  are  not  only  thus 
dependent  upon  their  specific  gravities,  but  are  intimately  con- 
nected with  their  specific  heats.     We  have  seen  that  when  we 
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compare  the  same  weight  of  two  su]>stances  together,  their  capa- 
cities for  heat  are  very  unequal  (Table  XV.) ;  but  if  w^e  make 
the  same  comparison  between  quantities  proportional  to  their 
equivalent  numbers,  we  shall  find  their  capacities  almost  always 
equal.  This  remarkable  law  was  discovered  by  MM.  Dulong 
and  Petit.  It  may  otherwise  be  expressed  thus : — The  specific 
heat  of  simple  bodies  is  inversely  as  their  atomic  weights ;  and 
a  given  quantity  of  heat  will  elevate  the  same  number  of  degrees 
a  portion  of  every  simple  substance  represented  by  its  atomic 
weight.  Thus,  it  requires  twice  as  much  heat  to  elevate  the 
temperature  of  a  pound  of  sulphur,  whose  equivalent  number  is 
16,  10^,  as  it  does  to  raise  that  of  a  pound  of  zinc,  whose  equi- 
valent number  is  32,  to  the  same  extent ;  and  a  pound  of  heated 
sulphur  will  warm  twice  as  much  water,  or  any  third  substance, 
as  a  pound  of  equally  hot  zinc. 

Now  as,  according  to  our  hypothesis,  the  number  of  particles 
which  equal  weights  of  any  two  substances  comprise,  is  in 
inverse  proportion  to  the  weights  of  these  particles,  the  law  in 
question  may  be  verified  by  multiplying  the  capacities,  deter- 
mined by  experiment,  by  the  weights  of  the  corresponding 
atoms.  If  the  law  be  true,  the  products  of  the  multiplication 
should  be  sensibly  equal,  or  differ  from  one  another  by  quanti- 
ties so  small  as  to  fall  within  the  limits  of  errors  of  experiment. 


Table  LVI. 


Correspondence  of  Atomic  Weights  and  Specific 
Heats, 


Specific  Heat. 

Atomic 
Weights. 

Product  of 
tlie  two. 

Chemical 

Atomic 

Weights. 

Bitmutb 

Lead     • 

Gold    . 

Platinom 

Tin      . 

Silver  . 

Zine 

Tellnrinm 

Copper 

ITiekd 

Iron 

OoMt 

Snlphnr 

0.028R 
0.0293 
0.0298 
0.0314 
0.0514 
0.0557 
0.0927 
0.09]  2 
0.0949 
0.1035 
0.1 100 
0.1498 
0.1880 

108 
104 
100 
96 
58 
55 
32 
32 
32 
28 
28 
20 
16 

31.10 

30.47 
29.80 
30.14 
29.81 
30.63 
29.66 
29.18 
30.36 
30.38 
30.80 
29.96 
30.08 

108 

104 

200 

96 

58 

108 

32 

32 

32 

28 

28 

30 

16 

Mean  .   .     30.18 
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§  1088.  The  preceding  table  exhibits  the  specific  heits 
of  thirteen  simple  substances,  the  atomic  weights  which  corres- 
pond with  them,  the  product  of  the  multiplication  of  these  two 
numbers,  and  the  atomic  weights  derived  from  their  chemiol 
combinations. 

§  1089.  Admitting,  therefore,  the  truth  of  the  law,  if  we 
know  the  capacity  of  any  simple  body  for  heat,  we  have  only  to 
divide  by  it  the  number  30.18,  the  mean  product  of  the  tabk, 
to  obtain  the  relative  weight  of  its  atom  compared  to  hydrogen. 
But  here,  again,  it  will  be  observed  that  the  atomic  numben 
derived  from  the  specific  heats  are  not  in  all  cases  identicil 
with  those  derived  from  chemical  combination;  but  still  they 
are  connected  together  by  the  simple  relations  of  multiple  and 
sub-multiple. 

§  1090.  It  has  also  been  found  by  M.  Neumann,  that  the 
atoms  of  compound  bodies  of  analogous  composition,  are  endned 
with  the  same  capacity  for  heat,  as  the  following  results  of  the 
two  classes  of  carbonates  and  sulphates  will  show. 

Table  LVII.     Correspondence  of  Atomic  Weights  and  Spedfe 

Heats  in  the  Carbonates. 

Atomic  Product  fl^ 

Specific  Heat  Weights.  the  two. 

Carbonate  of  lime    .         .     02044  50  i02i 

Carbonate  of  baryfa           .     0.1080  99  106.9 

Carbonate  of  iron     .         .     0.1819  58  J05i 

Carbonate  of  lead     .         .     0.0810  134  108i 

Carbonate  of  zinc     .          .0.1712  62  106.1 

Carbonate  of  strontia         .     0.1445  74  106.9 

Mean  .  106. 


Table  LVIII.     Correspondence  of  Atomic  Weights  and  Spedfc 

Heats  in  the  Sulphates, 

Sulphate  of  baryta  .  0.1068  1 1 7  124.9 

Sulphate  of  lime      .  .  0.1854  68  126.0 

Sulphate  of  strontia  .  0.1.300  92  119.6 

Sulphate  of  lead       .  .  0.0830  152  126.1 

Mean  .  124.1 

In  these  instances,  the  atomic  weights  exactly  correspond  with 
those  derived  from  the  chemical  composition  of  the  sevend  stit$. 
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§  1091.  The  like  intimate  connexion  exists  between  the 
atoms  of  Ixxlies  and  electricity:  the  specific  electricity  of  different 
substances,  is  inversely  as  their  atomic  weights,  and  a  given 
quantity  of  electricity  will  separate  from  combination  portions 
of  substances  represented  by  their  atomic  weights.  Thus,  the 
action  of  32  parts  of  zinc,  in  a  voltaic  battery,  is  able  to  evolve 
a  current  of  electricity  which  is  capable  of  decom|)osing  and 
transferring  the  elements  of  9  parts  of  water,  and  of  disengaging 
1  i)art  of  hydrogen  and  8  parts  of  oxygen.  Or,  if  we  have 
recourse  to  another  source  for  the  electricity;  the  same  current 
derived  from  the  induction  of  a  magnet,  which  wnll  decompose 
9  parts  of  water  into  1  hydrogen  and  8  of  oxygen,  will,  at 
the  same  time,  decompose  37  parts  of  muriatic  acid  into  1  of 
hydrogen  and  36  of  chlorine. 

This  is  another  mode  of  representing  the  grand  discovery  of 
Faraday,  and  it  will  be  seen  from  the  following  tabic,  that  the 
atomic  weights  experimentally  obtained  by  him  by  electrical 
decomposition,  accord  with  those  derived  from  chemical  com- 
position. The  calculated  s{)ecific  electricity  of  equal  weights 
of  the  different  substances,  is  placed  by  the  side  of  their  atomic 
numbers. 


Table  LIX.     Elecira-Cheniical  Equivalents. 


CATIONS. 

ANIONS. 

Specific 

Specific 

Equivalents. 

Electricity. 

Equivalents. 

Electricity 

Hydrogen 

1. 

100() 

Oxygen  ...       8. 

125 

Potassium 

39  2 

25 

Chlorine       .     .     35.5 

27 

Sodium 

23.3 

43 

Iodine     .     .     .  126. 

8 

Zinc 

32.5 

31 

Bromine      .     .     78.3 

12 

Copper . 

31.6 

31 

Fluorine      .     .     18.7 

55 

Ammonia 

17. 

58 

Cyanogen    .     .     26. 

38 

Potasaa 

47.2 

21 

Sulphuric  acid       40. 

25 

Soda 

31.3 

32 

Nitric  acid  .     .     54. 

18 

lame 

28.5 

35 

Chloric  acid      .     75.5 

13 

§  1092.  This  mode  of  viewing  the  atomic  constitution  of 
bodies  in  relation  to  space^  gravity^  affinity,  heat,  and  electricity, 
not  only  presents  us  with  the  most  interesting,  although  imper- 
fect^ glimpses  of  the  order  of  the  material  creation,  l)ut  may  be 
pmctiGally  useful  by  enabling  us  to  correct  the  data  which  we 
derive  firom  one  order  of  relations  by  those  deduced  from 
another.  Thus,  with  regard  to  the  chemical  equivalents^  or 
oombining  proportiona  of  aome  aubstanoes,  chemists  have  been 


088  ISOMORPHISM. 

sometimes  in  doubt  between  two  numbers,  one  tlie  multiple  irf 
the  other;  whicli  doubt  might  lie  resolved  by  an  appeal  to  theii 
specific  heats,  or  electrolytic  products.  For  a  long  time,  upiniDns 
were  divided  between  the  numbers  64  and  32,  for  copper,  either 
of  which  can  l>e  defended  upon  purely  chemical  grounds,  vidi 
ailments  of  equal  plausibility':  both  the  relations,  howercf,  of 
heat  and  electricity  i^ree  in  the  latter  number. 

§  1093.  There  are  some  instances,  however,  in  which  tht 
weights  of  the  atoms  derived  from  physical  considerations,  u 
contradistinguished  to  chemical,  are  at  present  irrecuncilible 
with  the  latter,  although  still  connected  with  them  by  limplr 
relations.  The  Iiold  spirit  of  hypothesis,  far  from  being  checkri 
by  the  difficulty,  hereujion  suggests  that  chemical  atoms,  thoK 
infinitely  small  particles  which  are  indivisible  by  chemicil 
forces,  may  be  diviuble  by  heat,  and  that,  for  example,  tlie 
chemical  atoms  of  mercury  are  divided  into  two  when  they  p>» 
into  the  gaseous  state. 

i  1094.  Tlie  forms  of  the  ultimate  atoms  of  dificnnt 
kinds  of  matter  hare  also  been  appealed  to  for  confirmatiai  d 
tlieir  respective  weights.  It  was  long  ago  remarked  by  M.  Git 
Lussac,  that  in  the  composition  of  alum,  ammonia  might  bt 
substituted  for  potassa  without  at  all  interfering  with  the  shipc 
of  its  ciy'stab ;  and  that  a  crystal  of  ammoniacal  alum,  vha 
placed  in  a  saturated  solution  of  potassa  alum,  would  go  n 
increasing  in  size  without  undergoing  any  modification  of  fivK 
M.  Mitscherlich  has  since  discovered  that  saltSt  or  in  gencnl 
any  chemical  compounds,  which  can  be  repesented  by  the  mm 
atomic  formula,  may  crystalliEe  together,  and  beoome  mixed  ■ 
any  proportions  in  the  crystals,  without  mocUfying  the  hal^ 
mental  form  beyond  a  few  degrees  in  the  meMnre  of  Aat 
angles.  He  supposes  that  the  molecules  of  all  audi  mbAaM 
have  the  same  forms,  and  that  therefore  one  ia  rmpiAM  rf 
taking  the  place  of  another  without  leaving  any  vacaity.  Tib 
identity  of  shape  and  &cnlty  of  aubstitation  belongs  to  boSa 
of  all  clasaes.  Simple  substances,  oxides,  sulphurvts,  tilts, 
and  organic  matters,  may  poaaeaa  i^  and  it  may  therefore  ht 
conaideral  aa  a  general  property  ot  bodies.  Profrssor  Mvh 
adialich  baa  designated  it  by  the  name  of  Lbomobphish:  W  : 
denominatea  teampAoKf,  labstatioeB  that  cr)-stBlliziDg  in  ilw 
Mutie  ahape  ou  mbatitnte  themaelna  one  fur  tbe  otbei  vi^' 


ISOMORPHISM  OF  ATOMS.  6B9 

changing  the  form  of  the  product,  and  he  regards  them  as  being 
generally  composed  of  the  same  number  of  atoms  united  in  the 
same  manner. 

§  1095.  This  last  condition,  which  agrees  in  a  great 
number  of  cases  with  chemical  data,  being  conceded,  we  have  it 
in  our  power  to  determine  the  atomic  weights  of  simple  sub- 
stances which  have  not  yet  had  their  specific  heat,  or  their 
density  in  a  state  of  vapour,  determined. 

For  an  example  of  this  mode  of  reasoning,  let  us  take  iron, 
whose  atomic  weight  determined  by  its  specific  heat  agrees 
with  the  chemical  equivalent  28;  from  the  analysis  of  its  two 
principal  oxides  we  are  led  to  the  following  conclusions. 

The  protoxide  of  iron  contains: — 

Iron  .     77.23),^^ 

Oxygen    .         .     22.77^       " 

Iron.  Oxygen.  1  Equiv.  Iron.  1  Equiv.  Ozy. 

And,  77.23  22.77  28  8 

The  protoxide,  therefore,  contains  one  atom  of  each  element. 
The  sesqui-oxide  of  iron  contains: — 

S"        •        •    SJJl  100.00 
Oxygen   .  30.66/ 

Iron.  Oxygen.         1  Eqniv.  Iron.  llEqaiv.Ozy. 

And,  69.34  30.66  28  12 

The  sesqui-oxide,  therefore,  contains  1  atom  of  iron  and  1^ 
oxjrgen,  or  2  atoms  of  iron  and  3  of  oxygen. 

Now,  the  oxide  of  iron  may  be  replaced  in  the  carbonate  or 
sulphate  of  iron  by  a  great  number  of  oxides;  as  magnesia, 
lime,  protoxide  of  manganese,  oxide  of  zinc,  &c.  The  analysis 
of  the  oxides,  therefore,  being  known,  nothing  can  be  easier 
than  to  determine  the  atomic  weight  of  the  metal  when  un- 
known. 

g  1096.  It  is  known,  for  instance,  that  lime  contains: — 

CUdam    .        .     71.4)  i^^ 
Oxygen     .        .     28.6»^""" 

Knowing*  firom  the  law  of  isomorphism,  that  lime  must  contain 
one  atom  of  calcium  and  one  atom  ot  oxygen,  we  state  the 
iDOowing  proportionB : — 

OlsTgan.  CSildnm.  1  Oxygen.    Atomk  Nomber. 

S8.6  :  71.4  ::  8  :         90 

2y 
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Aiid  in  the  same  maimer  we  may  proceed  with  the  numermii 
other  metalfl  whose  oxides  are  isomorphous  with  the  preceding. 

$  1097.  On  the  other  hand,  knowing  the  nomber  of 
atoms  of  metal  and  oxygen  which  the  sesqui-oxide  of  iron 
contains,  we  may  easily  find  the  atomic  weights  of  such  mftals 
as  afford  oxides  isomorphoua  with  it.  It  is  known,  for  example, 
that  the  sesquioxide  of  iron,  the  sesquioxide  of  manganese,  and 
the  oxides  of  chrome  and  aluminum,  can  replace  one  another, 
and  become  intimately  blended  in  the  composition  of  aliun, 
without  changing  the  form  of  the  salt.  Hence  we  conclude, 
that  each  of  these  oxides  contuns  two  atoms  of  metal  for  three 
atoms  of  oxygen. 

Thus  we  know  that  alumina  is  composed  oft — 
Alttminum  .  .  53.29|,qo(„ 
Oxygen    .  .    46.7*' 

And  (ram  these  data  we  obtain  die  atomic  weight  of  aluminan], 
thus : — 

Oxjgea.  Almniiia.  1}  Oxjgm.     Akmk  tItmiK. 

46.71  £3.29         :  :  12  :  13^ 

^  1098.  We  will  take  a  last  illustration  of  the  prindiile     j 
under  consideration  from  manganese,  which  will  prove  at  once  bov 
various  and  how  unerring  are  the  indications  of  isomorphimi. 

The  protoxide  of  manganese  is  isomorphouB  with  the  pn- 
toxide  of  iron,  and  therefore  contains  one  atcuD  of  metal  to  one 
atom  of  oxygen.  From  its  composition  per  cent,  we  derin  dK 
following  result : — 

Oxjgea.  UanguMe.  1  Oxjgcn.     Atonic  W^bm. 

31.94  78.06  8         :        as 

The  sesqui-oxide  of  manganese  is  iaomorphotu  wiA  the  m^bi- 
oxide  of  iron,  and  firom  its  known  composition  :— 

O^gen.  HanguMM.  1)  O^gwk    Atonic  No^A^f 

39.66  70.34        ::         13         :         28  ' 

The  manganic  acid,  again,  ia  iaomorphooi  with  the  aculphnnc 
acid ;  and  from  the  atomic  number  of  mlphtii  derived  friiin  ia 
■pecific  heat,  the  latter  containi  one  atom  of  mdpfaur  to  tltm 
■toma  of  oxygen.  We  moat  thenfaic  adopt  the  aaine  fbnmiU 
tot  the  former,  and  ita  analyaia  will  lead  to  itte  folfowiif  pni- 
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And  lastly,  the  hypermaiigaiiic  acid  is  isomorphous  with  the 
liy perchloric  acid;  and  as  this  is  composed  of  two  volumes  of 
chlorine  to  seven  of  oxygen^  we  mnst  conclude  that  die  hyper- 
manganic  acid  itself  is  composed  of  one  atom  of  manganese 
to  three  and  a  half  of  oxygen,  so  that  we  derive  the  following 
proportion  from  its  analysis : — 

Oxygen.  l^Ianganese.  34  Oxygen.    Atomic  Number. 

50.29  49.71         ::         28  28 

Thus  four  distinct  classes  of  combinations  all  lead  to  the  same 
result,  and  we  cannot  doubt  that  with  regard  to  simple  sub- 
stances, which  cannot  even  be  examined  by  other  methods, 
isomorphism  is  capable  of  leading  us  to  correct  results. 

§  1099.  M.  Hermann  Kopp,  again,  has  very  recently 
discovered  another  relation  of  isomorphous  bodies,  which  is 
highly  interesting,  and  likely  to  lead  to  important  results.  This 
he  has  observed  by  comparing  together  what  he  denominates 
the  atomic  volumes  of  such  bodies.  The  atomic  volume  of  a 
body  is  found  by  dividing  its  atomic  weight  by  its  specific 
gravity,  and  we  thus  obtain  relative  numbers  which  are  not  like 
the  atomic  numbers  referrible  to  a  standard  unity  of  comparison ; 
and  he  has  found  that,  as  a  general  rule,  '^  the  atomic  volume 
of  all  isomorphous  bodies,  simple  or  compoimd,  is  the  same  *.'^ 
The  same  law  is  expressed  as  follows :  ^^  The  specific  gravities 
of  isomorphous  bodies  are  proportional  to  their  atomic  weights:'' 
or,  ''The  molecules  of  isomorphous  bodies  are  equal  not  only 
as  regards  their  forms,  but  also  their  dimensions/' 

For  example : 

Specific  Gravity.     Atomic  No.    Atom.  Vol. 
Gold  .     19i258  200  103 


surer      . 

10.428 

108 

103 

Chlorine  . 
Iodine 
Bromine  . 

1.330 
4.948 
2.990 

36 

125 

76 

270 
253 
253 

Alnmina . 
Peroxide  of  iron 

a833 
2.101 

50 
28 

130 
133 

In  the  exceptions  to  this  law  M.  Kopp  traces  some  curious 
idatioii8  to  other  properties  oi  the  bodies,  which,  as  well  as  the 
kw  itadfj  are  well  wc^y  of  further  investigation. 

*  Ann,  4§  CMmm^  torn,  uult.,  pi  406. 

2  Y  2 


093  DENSITIES  OF  ATOMS. 

}  1 100.  We  have  now  to  remark  an  evident  rektion 
betveen  the  atomic  weights  of  certain  substances  and  tbeir 
densities  in  the  solid  state ;  thus  amongst  the  metals,  tbote 
which  have  the  highest  numbers  have  also  the  highest  specific 
gravities.  Hence  when  the  atomic  weight  has  been  fixed  by  no 
other  consideration,  we  are  disposed  to  conclude  that  a  heavy 
metal  has  a  high  equivalent,  and  a  light  metal  a  low  one.  The 
metals  which  have  a  specific  gravity  higher  than  9,  have  all 
atomic  weights  above  96,  and  ^ose  below  that  density  seldom 
exceed  32  or  40.  But  knowing  the  weights  of  equal  volumes  of 
two  simple  substances,  and  the  weights  of  their  particles,  the 
relation  between  the  distances  of  the  particles  of  these  tm 
bodies,  or  of  the  spaces  which  they  occupy,  may  be  calculated. 
Or,  which  is  the  same  thing,  we  ma;  compare  tiie  number  of 
the  atoms  in  equal  volumes  of  the  substances.  The  density 
divided  by  the  atomic  w^ght  of  one  will  be  to  the  denuty 
divided  by  the  atomic  weight  of  the  other,  as  the  number  of 
atoms  in  a  ^-olume  of  the  first  to  the  number  of  atoms  in  an 
equal  volume  of  the  second.  These  relations  are  found  to  be  of 
extreme  simplicity  when  we  compare  together  substances  whidi 
can  be  classed  together  by  marked  anal<^es.  Let  us  compare, 
for  example,  the  following  five  isomorphous  metals ; — 

__.,.„     Atomic  NnmbsofAlooi 

uamtiM.  -wgighu.  ID  Equal  VOmm. 
Iron         ..     7.8            38  OJ»77 

Cobalt     .         .    8^  30  0.980 

Nickel     .         .    8.6  30  0.S83 

Copper    .         .    8.9  33  0^978 

Mai^Bnese       .    8J)  SB  OJBO 

Mean      .  .    0.8796 

The  numbers  in  the  last  column,  differ  loo  little  £»»  A> 
mean  to  allow  us  to  doubt  that  to  their  otliar  HulogiM  ««  Bi^ 
add  that  of  containing  the  same  uomber  of  atotaa  !■  Aa  MM 
volumes. 

If  we  add  carbon  to  this  lis^  we  shall  lure  tba-  laHonil 
result: — 

At«inio 


6 

ber  of  ai 
Ttdnme  of  cubon  bewa  &a  nmple  relation  to  the 


IKamoid  8^ 

Ftam  whieh  we  amclnde  tiutt  the  number  of  atoms  ht 
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duplicate  ratio.  There  may  at  first  appear  to  be  little  analogy 
between  the  preceding  metals  and  carbon ;  but  it  is  worthy  of 
remark^  that  melted  iron  is  capable  of  dissolving  carbon  in  large 
quantities^  and  of  throwing  it  off  in  a  lamellar  state  in  the  act  of 
cooling ;  as  if  the  particles  of  iron  and  carbon  were  capable  of 
mutual  interposition,  and  occupied  spaces  simply  proportioned 
to  each  other. 

§  1101.  The  metals  molybdenum  and  tungsten  offer  a 
most  striking  example  of  tliis  accordance,  for  while  they  are 
united  by  the  strongest  analogy  of  properties,  they  are  separated 
by  the  greatest  differences  of  densities  and  equivalents : — 

Denaitiea  Atomic  Number 

uensitiea.  height.  of  Atoms. 

Molybdenum  .         .       8.6  48  0.17 

Tungsten      .         .         .17.4  100  0.17 

§  1102.  One  more  example  we  will  select  from  a  compa- 
rison between  the  lightest  and  heaviest  elementary  solids  with 
which  we  are  acquainted: — 


Dcnsitice. 

Atomic 
Weight. 

Number 
of  Atoms. 

Sodium 

.   0.972 

24 

0.040 

Potassium     • 

•   0.865 

40 

0.020 

Platinum 

.21.500 

96 

0.200 

Here  we  see  that,  in  an  equal  volume,  platinum  contains  just 
five  times  as  many  atoms  as  sodium,  and  ten  times  as  many  as 
potassium. 

§  1103.  The  phenomena  to  which  we  have  before  referred 
of  iUmarphum  (§  126)  and  isomerism  (§511)  are  also  intimately 
connected  with  the  atomic  theory.  To  the  former  belong  those 
changes  in  a  body  which,  without  altering  its  composition  or  its 
chemical  character,  modify  its  physical  properties,  such  as  its 
density  its  hardness,  its  cohesion,  its  colour,  or  its  crystalline 
form.  They  are  conceived  to  depend  upon  some  alteration  in 
the  arrangement  of  the  molecular  groups  of  the  bodies  in  which 
they  occur.  Under  the  latter  are  classed  together  all  those 
bo^ea  which  present  the  same  composition,  but  which  differ 
CMentially  in  their  chemical  properties;  and  their  differences 
aie  doubtlessly  connected  with  differences  in  the  arrangement 
of  the  elementary  atoms  or  proper  chemical  atoms  of  which 
they  are  composed. 
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§  1104.  The  atomic  theory  thus  connects  together^  by  an 
hypothesis  of  extreme  simplicity^  a  vast  multitude  of  phenomena 
which  could  scarcely  be  comprehended  in  any  other  geneni 
view;  and  it  is  scarcely  possible  to  overrate  its  importance.  In 
it  we  recognise  one  of  ^^  those  higher  inductions^  in  which  more 
scope  is  given  to  the  exercise  of  pure  reason  than  in  slowly 
groping  out  our  first  results;  and  the  mind  is  more  disencom- 
bered  of  matter^  and  moves^  as  it  were,  in  its  own  element** 

But  we  must  be  careful  not  to  abuse  this  liberty  of  speca- 
lation,  which  is  one  of  the  highest  privil^es  of  the  well-trained 
intellect,  and  the  student  of  the  atomic  doctrines  will  do  well 
to  imprint  upon  his  mind  the  caution  of  that  eminent  philo- 
sopher, to  whom  we  have  already  been  so  greatly  indebted  for 
our  rules  of  philosophizing,  that  "  We  are  not,  therefore,  to 
suppose  that  we  are  abandoned  to  the  unrestrained  exercise  of 
the  imagination,  or  at  liberty  to  lay  down  arbitrary  principles, 
or  assume  the  existence  of  mere  fancifcd  causes/*  "The  ulti- 
mate objects  we  pursue  in  the  highest  theories  are  the  same  as 
those  of  the  lowest  inductions ;  and  the  means  by  which  we  can 
most  secxu'ely  attain  them  bear  a  close  analogy  to  those  which 
have  been  found  successful  in  such  inferior  cases  *.** 

§  1105.  We  have  thus  filled  up  our  plan;  and  we  hope 
that  the  view  which  has  resulted  of  the  connexion  of  the  phy- 
sical sciencesy  may  be  useful  to  students  in  preparing  them  for 
that  closer  and  more  laborious  examination  of  the  principles 
of  Chemical  Philosophy,  which  will  be  necessary  for  the  attain- 
ment of  proficiency  in  that  or  any  other  department  of  science. 
"  It  can  hardly  be  pressed  forcibly  enough  on  the  attention  of 
the  student  of  nature,**  observes  Sir  John  Herschel,  "that 
there  is  scarcely  any  natural  phenomenon  which  can  be  fully 
and  completely  explained  in  all  its  circumstances  without  a 
union  of  several,  perhaps  of  all,  the  sciences  f  and  it  cannot 
be  doubted  that,  whatever  walk  of  science  he  may  determine  to 
pursue,  impossible  as  it  is  for  a  finite  capacity  to  explore  all 
with  any  chance  of  success,  he  will  find  it  illuminated  in  pro- 
portion to  the  light  which  he  is  enabled  to  throw  upon  it  from 
surrounding  regions.  But  independently  of  this  advantage,  the 
glimpse  which  may  thus  be  obtained  of  the  harmony  of  Crea- 
tion,— of  the  unity  of  its  plan — of  the  theory  of  the  material 
universe,  is  one  of  the  most  exalted  objects  of  contemplation 

*  Herscbzl's  Discourse,  P]^  190,  191. 
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which  can  be  presented  to  the  faculties  of  a  rational  behig.  In 
such  a  general  siu-vey  he  perceives  that  science  is  a  whole, 
whose  source  is  lost  in  infinity,  and  which  nothing  but  the 
imperfection  of  our  nature  obliges  us  to  divide.  He  feels  his 
nothingness  in  his  attempts  to  grasp  it,  and  he  bows  with 
humility  and  adoration  before  that  Supreme  Intblliobncb 
who  alone  can  comprehend  it;  and  who  ''in  the  beginning  saw 
every  thing  that  He  had  made,  and  behold  it  was  very  good/' 


'i 
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ABSORpnoN,  finom  abiorheo^  to  suck  up;  the  power  or  act  of  imbibing  a 

fluid. 
Acetic  Acid,  ftom  [aethtmy  vinegar ;  the  acidifying  principle  of  common 

yinegar. 
AcicuLAB,  from  aeu8,  a  needle ;  having  sharp  points  like  needles. 
AcousncSy  from  cucovv,  to  hear ;  the  science  which  relates  to  sounds. 
Action,  from  affOj  to  act;  the  effort  by  which  one  body  produces,  or 

endeavours  to  produce,  motion  in  another. 
Adhesion,  -ive,  from  ad^  to,  and  haireo,  to  stick ;  the  tendency  which  dissi- 
milar bodies  have  to  adhere  or  stick  together. 
AKbation,  from  drjp,  the  air;  the  saturation  of  a  liquid  with  air. 
AfiuFOBM,  from  A^p^  the  fdr,  and /^rmo,  a  form ;  having  the  form  of  air. 
AttEosTAnoN,  from  Afjp^  the  fdr,  and  Zcn^fu,  to  weigh ;  primarily  it  denotes 

the  science  of  weights  suspended  in  the  air,  but  in  the  modem 

application  of  the  term,  it  signifies  the  art  of  navigating  the  air. 
Affinity,  from  ad^  to,  and/M9,  a  boundary;  relationship;  the  force  which 

causes  dissimilar  particles  of  matter  to  combine  together  so  as  to 

form  new  matter. 
Albumen,  -inotts,  from  albummy  the  white  of  an  ^gg;  an  important  animal 

principle.    The  white  of  an  egg  is  albumen  mixed  with  water. 
Alcohol,  from  a  word  of  Arabic  origin;  the  intoxicating  ingredient  of 

■piritaous  liquors. 
ALiiAmiNE,  from  atttari,  the  Oriental  name  for  madder  roots. 
Alkali,  a  soluble  body,  with  a  hot  caustic  taste,  which  possesses  the  power 

of  destroying  acidity ;  the  term  is  derived  from  the  Arabic  article 

o^  and  inH,  the  Arabic  name  of  a  plant,  from  the  ashes  of  which 

one  spedes  is  obtained. 
Alumina,  the  base  of  alum ;  pure  clay. 
Amaloam,  from  Siuif  together,  and  yafm,  to  marry;  a  chemical  term, 

rignifying  the  union  of  any  metal  with  mercury,  which  b  a  solvent 

of  varioas  metals. 
Amidogen,  from  amkh,  and  ytwintm,  to  generate ;  the  compound  forming  the 

base  of  the  amides  (NH,). 
AMOBrMou%  from  4,  not,  and  fiop^  a  form ;  not  possessing  regular  foim. 
AMTOPAUii^ftoin  tm^ff^Mh,  an  ahnond;  acfystalline  principle  contained  in 


Anaabaii,  from  cbiA,  and  yp6fi§M,  a  lattar;  a  oonodt  arising  from  tlia  letters 

cf  s  woid  beio^  tm^waedt 
Amaiaou^  thai  whieh  b  tha  connteipart  of  another. 
AxAUMT,  -nsAK,  and  '-oms  fion  ilpft,  among,  and  X^yor,  a  rdatioo  or  pro- 

patttna;  a  llksMai  or  nMmUnee  baCwaen  tUngi  ^th  ngavd  to 

laHr  cfavuMlaMai  QV  aflveta. 
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AicALTsiSy  from  oM,  anunigy  and  Xuv,  to  loosen;  the  eepantion  of  a  wiiok 

into  parts. 
AxoLB,  from  anffulut,  a  corner;  the  inclination  of  two  straight  lines  to  mA 

other,  which  meet  together,  bat  are  not  in  the  same  stiaiglit  line. 
Aif HYDROUS,  frt>m  a,  not,  and  vdt^  water;  containing  no  water. 
AiaoK,  from  ov^  up,  ukL  c^u,  to  go ;  that  which  goes  np;  a  mbstMn 

which,  in  electrolysis,  passes  to  the  Anode. 
A50DB,  frt>m  (bu,  up,  and  ^d^  a  way;  the  way  which  the  son  ohb;  tk 

snrfiKe  at  which  the  electricity  passes  into  m  body,  suppori^gthe 

carrents  to  moTS  in  the  a^Mcrent  direction  of  the  son. 
Amomalt,  -uoob,  from  d,  not,  and  I'^^fio^  a  law ;  an  inn^galaxity  or  de?iiiio& 

from  a  law. 
AiiTAGOKisif,  from  arriy  against,  and  aywnCoiuu^  to  contend;  q^KWtiflD  of 

action. 
AxTAOOxisT,  one  who  contends  against  another. 
Ahti-ssptic,  frt>m  dyri,  against,  and  o^irii,  to  putrefy ;  possessing  the  power 

of  preyenting  pntrefiiction. 
Appboxixate,  -itklt,  horn,  ad^  to,  and  praximuSy  nearest ;  haying  affinity 

with;  bordering  upon. 
Aqua  Rbgia,  1.  e.  Rboal  Watsb,  a  mixture  of  nitric  and  muriatie  sddi; 

so  called  from  its  property  of  dissolving  gold,  held  by  tbe  sIdM- 

mists  iohetke  kimg  of  the  metala. 
Aqubo,  from  aquoy  water;  when  prefixed  to  a  word,  denotes  that  water 

enters  into  the  composition  of  the  substance  which  it  signifieSi 
Abc,  from  areus,  a  bow;  a  part  of  a  curred  line,  as  of  a  circle,  ellipse,  &e. 
Armaturb,  from  omio,  to  arm ;  a  piece  of  soft  iron  a{^lied  to  a  kad-stoM 

or  connecting  the  poles  of  a  horse-shoe  magnet. 
Astatic  Nbsdlb,  from  StrrmTos^  just  balanced ;  a  double  magnetic  needle^ 

not  affected  by  the  earth's  magnetism. 
Astronomy,  from  Sarpowy  a  star,  and  p6fiosy  a  law  or  rule;  the sdenoe,  which 

treats  of  the  heayenly  bodies,  their  motions^  periods^  &C.,  and  thi 

causes  on  which  they  depend. 
Athermanous,  from  d,  not,  and  Btpitosy  heat;  that,  through  which  heit 

will  not  pass,  is  said  to  be  Athermanous. 
Atmosphere,  -ic,  from  arfA^s,  yiq[K>ur,  and  frffnupoy  a  sphere ;  the  sphae  of 

air  which  surrounds  the  globe. 
Atom,  -ic,  from  d,  not,  and  rc/uw,  to  cut;  a  minute  particle  not  susoeptiUe 

of  further  division. 
Attraction,  -iyb,  from  ad^  to,  and  traho,  to  draw ;  the  tendency  iHkich 

bodies  have  to  approach  each  other. 
Austral,  from  autter,  the  south ;  southern. 
AxiSy  in  geometry,  the  straight  line  ina  plane  figure,  about  which  it  lerohti 

to  produce  or  generate  a  solid  :  more  generally  the  right  lint 

conceived  to  be  drawn  from  the  vertex  of  a  figure  to  the  middk  of 

the  base. 
Azote,  firom  a,  not,  and  C«4,  life;  another  name  for  nitrogen,  (which  lee;) 

it  is  so  called  because  it  will  not  support  respixatioQ. 

Barium,  firom  ^pw,  heavy;   a  metallic  suhstance  oi  dark  gray  eoloar, 
hitherto  produced  in  very  small  quantities  from  Baryta. 


GLOSSARY.  (599 

Babombtbb,  -rical,  from  fidpos^  weight,  and  firrpov,  a  measare  ;  an  instru- 
ment for  measuring  the  varying  weight  of  the  atmosphere. 

Baryta  ;  a  compound  of  oxygen  and  Barium,  possessing  alkaline  qualities. 

BiBULOUi^  from  bibo^  to  drink ;  that  which  has  the  quality  of  drinking  in 
moistnn. 

Bifurcation,  from  bis,  twice,  and  furea^  a  fork  ;  a  forking  or  division  into 
two  branches. 

BiNART,  from  hiSf  twice ;  containing  two  units. 

Bin  AXIAL,  from  hiSy  twice,  and  om,  an  axis ;  having  two  axes. 

BiTUMXK,  -iNous,  from  bitumen^  pitch ;  the  name  given  to  several  inflam- 
mable substances,  which,  though  of  vegetable  origin,  are  found  in 
the  earth,  or  issue  from  the  surfiEure. 

Boreal,  from  boreoiy  the  north  ;  northern. 

BoRox;  a  dark,  olive-coloured  substance  obtained  from  boracic  acid,  in- 
soluble in  water,  and  a  non-conductor  of  electricity. 

Bromine,  from  $p&fios,  a  strong  odour ;  a  liquid  of  a  reddish-brown  colour, 
which  possesses  a  suffocating  odour  and  pungent  taste. 

CETERIS  Paribus  ;  all  other  circumstances  being  equal. 

Caluric,  from  eahr^  heat ;   an  imaginary  fluid  substance,  supposed  to  be 

diffused  through  all  bodies,  and  tiie  sensible  effect  of  which  is  called 

heat. 
Calorific  ;  imparting  the  sensation  and  other  effects  of  heat. 
Calorimeter,  from  co/br,  heat,  and  ficrpoy,  a  measure ;  an  instrument  for 

measuring  caloric. 
Calottfe,  from  jroXor,  beautiful,  and  rvnos,  an  impression ;  a  picture  formed 

by  light  upon  a  prepared  paper. 
Capillary,  from  capilltu^  a  hair ;  resembling  or  having  the  form  of  hairs. 
Capsule,  from  captuia,  a  little  chest ;  a  small  shallow  cup. 
Casein,  from  eateusy  a  cheese ;  an  oiganic  principle  of  which  the  cwrd  of 

milk  is  composed. 
Carbon,  from  carbo,  a  coal ;  the  chemical  name  for  charcoal. 
Catalysis^  from  Korhy  down,  and  Xv«,  to  loosen  ;  an  imaginary  force  which 

is  supposed  to  assist  the  decomposition  of  some  bodies,  and  the 

composition  of  others. 
Cathodb,  from  Korb,  down,  and  bbbsy  a  way;   the  way  which  the  sun 

sets;    the  surfiEtce   at  which   electricity  passes  out  of  a  body 

supposing  the  current  to  move  in  the  apparent  direction  of  the 

sun. 
Cation,  from  narby  down,  and  ci/ai,  to  go;   tliat  which  goes  down;  a 

substance  which  in  electrolysis  passes  to  the  Cathode. 
Cauric,  from  Koimf  to  bum ;  possessing  the  power  of  burning. 
CHmisTRT,  -iCAL,  fiom  an  Arabic  word,  signifying  the  knowledge  of  the 

subatanoe  or  constitution  of  bodies ;  the  science,  whose  object  it  is 

to  ftraininft  the  constitution  of  bodies 
Chlobinr,  from  )^mpbs,  green ;  a  yeUowish-green  coloured  gas^  of  a  pungent 

■mell,  and  moat  iignrious  to  req>ixation. 
CiBCULATiOH ;  motion  In  a  circle. 
CiBCUHFBBSNCB,  -TXAL,  fiom  cinciwi,  BTOuiid,  and  faro,  to  bear ;   the  lint 

which  ia  tho  boundary  of  a  cirde. 
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CI.S4VA0E,  PuHK  Of,    Uw  plane  in  which  ciyBtali  han  a  tcndtnfrio 

separate. 
ComiA,  from  NuSno,  a  P*>ppy  head ;  an  ^kaline  prindple  detited  bom  the 

poppy. 
CoBRCiBLB,  from  coerceo,  to  reatrain ;  Biuc«pttb1e  of  veatmnt 
CoBSsioH, -BivB,  from  cNM,  together,  and  AtFreo,  to   atick;   the  icUticw 

among  the  component  parts  of  a  bodj,   by  which  thtf  cling 

together. 
CoUKDiB,  from  ocio,  to  strain ;  a  kind  of  atruner. 
CoKBuniov,  from  comtmra,  to  bum ;  the  diaengageinent  of  light  and  hait 

which  accompaniea  chemical  combination. 
CoMPLKMRNTARY,  from  oomptto,  to  fill ;  that  which  is  capable  of  filling  op, 

BO  as  to  make  the  entire  measore  of  a  qnantity. 
ConCATB,  from  eoneavtu,  hollow ;  corred  inwardly  or  hollow. 
ConvncnoN,  from  etm,  together,  and  dueo,  to  lead.     The  power  of  tiunnit- 

ting  caloric  without  change  in  the  relalire  position  of  the  padidn 

of  the  conducting  body. 
CoNX,  -icAL,  and  -ic ;  a  solid  figure,  having  a  circular  base^  and  iti  otha 

extremity  or  vertex  terminated  by  a  point. 
CoNOBLATioN,  from  BOM,  together,  and  gdo,  to  firnce ;  the  pnctm  of  btmf. 
ConaBHea,  l4itin ;  of  the  same  sort 

CoHORRisi,  from  eongtrin,  a  heap ;  a  mass  of  bodies  heaped  np  togEtho. 
CoNSTiTumrr,  from  eonftttno,  to  pst  together ;  that,  of  whioh  any  flui| 

conaiBts  or  is  made  np. 
CoVTACT,  fr«m  eon,  together,  and  Uuiffo,  to  toach  ;  the  relatiTa  aUtt  cf  t*t 

things,  which  touch  one  another  but  do  not  cut. 
Contraction,  from  eon,  together,  and  troAo,  to  draw ;   tha  atata  at  bsog 

drawn  into  a  narrow  compaae. 
CoNVRRORNT,  from  MM,  together,  and  tergo,  to  bend ;  tuaSag  to  ana  p«ri 

from  TarioOB  parte. 
CoNTBcnov,  from  mm,  together,  and  tAo,  to  carry ;  the  pomr  in  flaUitf 

tnnBtnittiiv  heat  or  electricity  by  cnmut^ 
Convsx,  fivm  esH,  together,  and  ttko,  to  cany ;  enmd  ontwsrdly,  or  jn- 

taheant. 
CoBrDBCTTLAH,  from  eorpKi,  a  body ;  compoaed  o^  or  tTathiy  to  itani. 
CocutoATioN,  from  lonitto,  to  fladi  nr  shbie ;  a  fladi,  or  qoUc  vtlnte  tf 

light 
CwtOBOT^  from  Kfiiai,  flesh,  and  v^m,  I  laTe ;  a  princ^la  daairad  Anh  lit 
Crcculb,  from  emt,  emdi,  a  ctimb  ;  a  Uttla  pot  aneh  aa  goU^rithi  adt 

their  gold  In ;  so  called  from  having  a  cniaa  inqavaaad  ^Mtk 
CsTDrHoitii^  from  i^^  ^'^  ""^  ^|MS  to  ptodnoa  ;   an  laatniBBt  it 

showing  tha  rdaluai  between  avaprasticn  at  kfw  ttaiftulmmmi 

tha  pndnetlon  of  cold. 
CKUnumntrmr,  fhna  t^ianiOiM,  a  oyatal,  and  yfit>'i  *•  A 

adenea  which  tnata  of  eiyitala, 
CnTnua, -Lix^  ftoB  ^pwvTiMss  lea ;  asnlab 

as  rook  oyital,  which  naamUsa  loo. 
GnyauuiuTRnr ;  the  fonnation  of  arstala  daring 

bodiaa  from  a  fluid  to  a  soUd  fimn. 
CnHi,-io;  aMUdSgiinooiiUiwdb/aIx«qad^pMMi 


GLOSSARY.  701 

CrANooBNy  from  Kvtufos^  blue,  and  y€wa»^  to  produce;  a  colourless  gas, 
which  bums  with  a  peculiar  purple  flame ;  it  b  the  essential  ingre- 
dient in  the  pigment  called  '*  Prussian  blue." 

Ctanuret  or  Ctanide  ;  the  compounds  of  Cyanogen,  which  are  not  acid. 

Ctlucder,  -rical;  a  solid  figure  described  by  the  revolution  of  a  right- 
angled  parallelogram^  about  one  of  its  sides  which  remains  fixed. 

DscoMPOsrrioy ;  the  resolution  of  a  compound  body  into  its  component 

parts. 
Decrement,  from  decreaeoy  to  grow  less;  the  quantity  by  which  anything 

decreases  or  becomes  less. 
Deduction,  from  de^  down,  and  dueo^  to  lead ;  the  process  of  reasoning  by 

which  we  infer  particular  from  general  truths. 
Deflagration,  from  deflagro^  to  bum;  burning. 
Deflection,  from  cfe,  from,  eaidJUcta^  to  bend;  a  turning  aside  out  of  the 

straight  way. 
Dbgrbe,  fitmi  de,  down,  and  gradusy  a  step ;  a  quantity  in  measurement,  as 

in  geometry,  the  SGOth  part  of  the  circumference  of  a  circle. 
Deliquescence,  from  deliqueo^  to  melt;  a  gradual  melting,  caused  by  the 

absorption  of  water  from  the  atmosphere. 
Densixt,  from  deruuiy  thick ;  vicinity  or  closeness  of  particles. 
Depbixmisticated;  deprived  of  phlogiston,  the  supposed  principle  of  in- 
flammability. 
Detonation,  from  detonOy  to  thunder;  explosion  accompanied  with  noise. 
Dextrine,  from  dexter,  right;  a  principle  which  acts  upon  light  so  as  to 

polarize  it  circularly  to  the  right. 
Diagram,  from  ^uxypan^  to  delineate ;  a  delineation  or  representation  of 

geometrical  and  other  figures. 
Diambtbr,  from  di^  through,  and  fUrpovy  a  measure;  the  line  which  passes 

through  the  centre  of  a  circle,  or  of  any  other  curvilinear  figure. 
Diaphanous,  from  d«^  through,  and  ^uw,  to  shine ;  that  which  allows  a 

passage  to  the  rays  of  light;  but  disperses  them  so  to  prevent 

direct  vision. 
Diaphragm,  from  M,  divirion,  and  4^pa€r<r»y  to  shut  up;  a  separation 

between  two  things. 
DiASTAaB,  from  diitmifUy  I  separate ;  a  principle  which  separates  starch  into 

two  parts. 
DiATBXRMANOus,  firom  tiiiy  through,  and  Btpfiot,  heat;  that  through  which 

heat  will  pass  ia  said  to  be  diathermanous. 
DiRLBcxmio^  from  duk,   through,  and  IfXturpwy  electricity;   a  substance 

throogh  which  electricity  may  be  transmitted. 
DiFPRACHON,  firom  die,  signifying  division,  andy^iOM^,  to  break ;  the  devi- 

atioH  of  mys  of  light  from  their  straight  course,  when  made  to  pass 

by  the  boundaries  of  an  opaque  body. 
DnAXATioiTy  from  df/HsrOf  to  bear  ^art;  the  act  of  extending  into  greater 

■paca* 
DatAaraojm,  from  SU,  twioe^  and  ftofupi^  a  form;  having  two  fonns. 
Dw^  from  ditem,  a  quint;  the  apparent  nuftoe  of  a  heavenly  body. 
DmraoHAnov,  firom  dit,  meaniiig  aeparation,  and  itU^ger,  whole;  an  utter 

aepantion  of  parUdee. 
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UisPRUio!*,  -ivR,  from  dtM,  in  different  ilirt«UoiiSt  mnd  ^xnya,  to  icitteT ;  Um 

ax:t  of  Hcatleriiig. 
DnRUpnoN,  from  dii,  in  different  direcUooB,  sad  rumpo,  to  bnok ;  the  act  uf 

tearing  aaunder. 
DuBBCnoK,  from  dMMTO,  to  cut  to  pieccfl ;  the  act  of  upsnting  into  piecN. 
DiBTiu^TioN,  separation  drop  by  drop ;  tlie  procew  b7  which  a  fluid  u  wp*- 

rated  from  another  subatance,  hy  first  being  converted  into  vipuni, 

and  afterwards  eonduued  drop  by  drop. 
DivRixBHT,  from  ditelh,  to  taai  asunder;  that  which  canaea  sepantion. 
DiTEHORKT,  from  di,  in  different  directions^  and  teryo,  to  bend;  tendiijU 

various  parts  from  one  point. 
DooETABEDBon,  from  AuScko,  twelve,  and  <I>fMi,  a  booe,  or  ude ;  a  solid  figvi 

contained  by  twelve  equal  rides. 
Ddaush,  from  dtuUU,  pertwning  to  two ;  a  eonstitation  eaaentially  canuliiig 

of  two  equal  but  opposite  piinciplea, 
DvNuiics,  -icAL,  from  tvrofut,  power;  that  branch  of  mechanical  scitacf, 

which  treats  of  moving  powen^  and  of  the  action  of  foicei  on  mSA 

bodies,  when  the  result  of  that  action  is  motion. 

Ebullition,  from  tbuRio,  to  Iwil ;  the  act  of  boiling. 

Educt,  from  0,  out  of,  and  ehmi,  to  draw ;  any  thing  sepatuted  fron  anstlM 

with  which  it  preTionily  existed  in  combination. 
Epflobbscbrce,  from  egtortMco,  to  blow  as  a  flower;  tha  fimnatiaB  of  wA 

crystals  on  the  surfaces  of  bodies,  in  consequoKe  of  tha  absbldMB 

of  moisture  from  them  by  the  atmosphere. 
Ei^iH,  &e.,  from  Anuw,  oil ;  the  liquid  principle  of  oils  and  bte. 
Eluticitt,  -ic,  from  fXouM*,  to  push  or  thrust ;  the  propar^  bodies  pOHHi 

of  resuming  their  original  form,  when  prcMor*  ia  nsBovad. 
Elxcthicitt,  from  fXiMrpw,  amber;  the  name  of  a  power  of  mattv,  wUA 

produces  a  variety  of  peculiar  phenomena,  tha  first  of  iriii^  otR 

obasrved  in  the  mineral  mbstanoe  called  amber;  tha  laws,  hjpa- 

thesee,  and  experiments  by  which  they  an  explaiaed  and  illss- 

trated,  constitnte  the  science  of  eleetrid^. 
ELxcnuwE,  from  ^Kvprn,  electricity,  and  Mif,  a  w^ ;  the  print  at  wUA 

an  electric  current  enters  or  quits  the  body  thran^  whU  B 

pasts. 
Elxctxoltsis,  -Lm,  &c.,  from  f^Mjcrpo*^  alactridty,  and  Ui^to  looiB;  ika 

act  of  deoompoilng  bodies  by  etoctridty. 
ELscrao-iuoNKnsK;  nugnetlsm  prodocad  by  olaatiioity. 
ELKcnomin;  an  hutrmnent  for  aseotaliiliig  tha  qnali^  aad  qMadtrff 

alaotriol^  In  alootrifled  bodies. 
ELaoTBOPBOBUs;  an  instniment  for  prodndng  aloebid^. 
SuGiBOSOOPi;  «B  iiiftntmcnt  for  nhiUting  tha  ■ 

agsumaa  of  daetiidty. 
Klbmiik,  -abt,  from  sfiwui,  an  d«i»nt;  Chat  which  o 

into  two  or  man  parts,  and  '""♦■♦■^  but  one  kind  of  p 


Ann  h^  dsSdntly,  Bud  XsAn^  to  k>v«;  one  of  the 
ftBBid  by  tha  IntanBtian  ■/  a  i' 
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makes  a  leas  angle  with  the  base  than  that  formed  by  the  base  and 

the  side  of  the  cone. 
Ex AXATioNy  from  e^  outy  and  mano^  to  flow ;   that  which  issues  from  any 

snbstance  or  body. 
ExpiRicA!.,  from  rv,  in,  and  n-ripa,  trial ;  that  which  is  made,  or  is  done,  as 

an  experiment,  independently  of  hypothesis  or  theory. 
EifPYKKuif  ATic,  firom  cv,  in,  and  vrvp,  fire ;  having  the  taste  or  smell  of  burnt 

animal  or  vegetable  substances. 
ExDosMOss,  from  Ivdov,  within,  and  ttcrfi^;,  the  act  of  pushing ;  a  flowing 

from  the  outside  to  the  inside. 
Epidermis,  from  rn-l,  upon,  and  dcpfia,  the  skin ;  the  exterior  layer  of  the 

skin. 
Equator,  from  cequuSy  equal ;  a  great  circle  of  the  sphere,  equally  distant 

from  the  two  poles ;  when  the  sun  is  in  this  circle,  the  days  and 

nights  are  equal  in  all  parts  of  the  world. 
Equilibrium,  from  asquusy  equal,  and  libray  a  balance ;  the  state  of  rest 

produced  by  forces  equally  balancing  one  another. 
Equivalent,  from  asqwu^  equal,  and  valeo,  to  be  worth ;  equal  in  value. 
Ethal,  a  word  formed  from  the  first  syllables  of  Ether  and  Alcohol ;  an 

oily  principle  from  spermaceti. 
Etiolation  ;  the  blanching  of  vegetables  by  exclusion  frx)m  light. 
Eudiometer,  fitmi  cvdio,  good  weather,  and  iiirpovy  a  measure ;  an  instru- 
ment for  determining  the  amount  of  oxygen  in  the  air. 
Evaporation,  from  ^  outy  and  vapWy  vapour ;  the  conversion  of  a  liquid 

into  vapour. 
ExosMosB,  fipom  fftt,  without,  and  waftot,  the  act  of  pushing;  a  flowing 

from  inside  to  the  outside. 
Expansion,  from  expando^  to  open  out ;  the  cnlaxgement  or  increase  in  the 

bulk  of  bodies,  which  is  produced  by  heat. 
Experience,  from  experioTy  to  attempt^  to  try ;  knowledge  gained  by  observ- 
ation. 
Experiment  ;  something  done  in  order  to  discover  an  uncertain  or  unknown 

effisct* 
Explosion,  frmn  er,  out,  and  plaudo,  to  utter  a  sound  ;  a  sudden  expansion 

of  an  elastic  fluid  with  force,  and  a  loud  report. 
Extraneous,  finom  extra^  without ;  foreign  and  contrary  to  the  nature  of  a 

thing. 

Pellt  ;  the  exterior  rim  of  a  wheel,  supported  by  the  spokes. 
Fermentation,  horn  fermentumy  that  which  is  light  and  pufiy :  originally 

applied  to  the  process  by  which  a  saccharine  liquid  changes  into 

spirit. 
FxRRnonrous^  fmrnjermm,  iron ;  of  iron. 
Filter  ;  a  strainer. 

Flu&ATioir ;  the  pxooeas  whereby  liquids  are  strained. 
FuxuREy  firam/jfoeo^  to  bend ;  the  act  of  bending ;  also  the  b«id  or  curve 

of  a  line  or  figure. 
Flvoriii^  firam  Jha,  to  flow;  an   elementary  principle  of  flnop-spar, 

which  is  so  calkd  from  iU  aeUng  as  a  flnx  in  the  working  of 

minanla. 
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Vocv>t,-ckZ,fttimfaeat,  a  fire-plai-e ;  a  point,  in  which  a  number  of  n;i  of 

light  or  heat  meet  after  being  refracted  or  reflected. 
FosMVLA,  a  general  theorem  ;  it  b  called  Algebraic,   Logaiithinic,  &t^ 

according  to  the  branch  of  nutthematics  to  which  it  relate*. 
FoBinn.K,  frcaajbrmiea,  an  ant ;  the  radicle  of  formic  acid,  C,  H. 
FxiciiON,  froro/Wco,  to  rub;  therabbingor  grating  of  the  surfacea  of  bodia 

npon  one  another ;  abo  the  retarding  force  cauaed  by  this  rubbing 

of  sur&ces  together. 

Galtakisk,  from  Pioftaaor  Galvahi  ;  current  electricitj  is  lometiiDM  n 

called. 
Galtanombtbr  ;  an  instrument  for  measuring  galranism. 
Gas,  -Bona ;  a  term  first  introduced  by  Van  Hbuiont  ; 

form  fluid. 
GaLATiHons,  from^efo,  to  freeze  ;  reaembling  jelly, 
Gkmus,  -bkic,  from  gattu;  a  whole  race  or  kind. 
Gbombtrt,  -ical,  from  y^,  the  earth,  and  /i  ~ 

which  treats  of  the  relative  magnitndea  of  extended  bodies. 
Gltcibin,  from  yKtiniis,  sweet ;  the  sweet  principle  of  mIb. 
GoNiouBTBB,  &om  yvfiaf  an  angle,  and  /urpov,  a  meaaure  :  an  instnuaoit 

for  measuring  angles. 
Gratitation,  from  gravii,  heaTy ;  the  abetnct  power  which  draws  to&» 

towards  each  other's  centres. 
GRivirr,  from  yraoif,  heavy ;  thenaturaltendencyof  faodiea  toMtonrii 

Gratitt,  SPECiric ;  the  relative  gravity  of  a  body,  convdend  with  i^pri 
to  some  other  body,  which  is  assumed  aaa  staikdard  ofoonipariMB. 

Hau),  from  aXuc,  a  crown;  a  luminous  circle,  appearit^oeeidoiMlIfanfl^ 
the  heavenly  bodies ;  but  more  eqncially  about  tha  ana  a^  i^— 

HauooBAPBic,  from  ^ui,  the  sun,  and  ypA^  to  write  ;  ilaliwtsil  ty 
the  snn. 

Hzux,  from  iKSmnt,  to  twist  round ;  a  screw,  or  aptiml. 

HBHisrBBRa,  fhnu  i^fumw,  half,  and  r^dipa,  a  sphere ;  tha  balfrf  t  t^m* 
formed  by  a  plane  pasung  through  th^;  centre. 

Hkbxxiig  Skal  ;  when  the  neck  of  a  glaas  vesaal  or  tuba  ia  liMtsi  to  Ihi 
melting-punt,  aud  then  twisted  with  pincen  until  It  badit^ 
the  Tcsiw],  or  tube,  is  sdd  to  be  bennetieaUy  anled,  ar  to  Ima 
received  tha  esal  of  Herme^  the  rented  invmtor  of  ch^^^. 

HnaaooBRXODs,  from  trtpet,  different,  and  yhMf  Hn"?  ;  ■^ifT^iiil  to  ^W 
and  properties, 

UoxooKicaons,  from  d^r,  lik^  and  yintt,  kind ;  k1<W  In  artan  ^  ■»■ 
perUea. 

HouIovrA^  from  dp^*)^  to  bound,  or  tennliuto:  panllaL  to  Aa  hateh 

HuMxoiAiia)!,  from  AHMtfe;  to  web 

HTDun,  fion  «^p^nt«r;  my  unnijitallliiiT  eiiliilBMa  nkk^  iMw 
w;  '     '-  ---•--■■ 

HnmMKii, 


tor  In  a  fixed  daflnito  pnpartioa. 
fton  Ma^  wator,  and  Ttspdu,  to 


produoe;  an  t  _ 
— Ji  fluid  J  tiu  lightest  of  all  known  m 
and  ooe  of  the  el        '     ~ 
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Hydro  ;  when  prefixed  to  the  name  of  a  chemical  substance,  denotes  that 
hydrogen  enters  into  the  composition  of  the  substance  which  it 
signifies. 

Hydrombtbr,  from  vdcap,  water,  and  fUrpovy  a  measure ;  an  instrument  for 
comparing  the  density  and  gravity  of  liquids  with  water. 

Htdrostatics,  from  vdtap,  water,  and  (ttotos,  poised ;  that  branch  of 
Natural  Philosophy  which  treats  of  the  pressure  and  equilibrium 
of  non-elastic  fluids,  and  also  of  the  weight,  pressure,  &c.,  of  solids 
immersed  in  them. 

Htorovbter,  from  vyposj  moist,  and  furpovy  a  measure ;  an  instrument  for 
ascertaining  accurately  the  quantity  of  moisture  in  the  atmosphere. 

Htgroscope,  from  vyp6s,  moist,  and  aKoniODy  to  watch ;  an  instrument  for 
exhibiting  approximatively  the  moisture  of  the  atmosphere. 

Hyperbola,  from  tm-cp,  excessively,  and  /3uXXa>,  to  place;  one  of  the  conic 
sections  formed  by  the  intersection  of  a  plane  and  a  cone,  when  the 
plane  makes  a  greater  angle  with  the  base  of  the  cone  than  that 
formed  by  the  base  and  the  side  of  the  cone. 

Hypo,  from  vfr6,  under;  when  prefixed  to  a  word,  denotes  an  inferior 
quantity  of  some  ingredient  which  enters  into  the  composition  of 
the  substance  which  it  signifies. 

Hypothesis,  -tical,  from  vir^,  under,  and  r/^/ic,  to  place ;  a  principle  sup- 
posed or  taken  for  granted  in  order  to  prove  a  point  in  question. 

Immediately,   from  tm,  without,  and  mednUy  intervening;    without  the 

intervention  of  a  second  cause. 
Impinging,  from  impingOy  to  strike  against ;  dashing  against. 
Incandescent,  from  incandescoy  to  grow  white ;  white  or  glowing  with  heat. 
Incidence,  from  tn,  upon,  and  cadoy  to  fall ;  the  direction,  in  which  one 

body  faUs  on  or  strikes  another ;  the  angle,  which  the  moving  body 

makes  with  the  plane  of  the  body  struck,  is  called  the  ''angle  of 

Incidence." 
Incbement,  from  increscoy  to  increase;  the  quantity  by  which  anything 

increases  or  becomes  greater. 
Induction,  -ive,  from  in,  to,  and  dtico,  to  lead ;  the  process  of  reasoning,  by 

which  we  are  led  from  general  to  particular  truths. 
Induction,  Electrical  ;  the  effect  produced  by  the  tendency  of  an  insulated 

electrified  body  to  excite  an  opposite  electric  state  in  neighbouring 

bodies. 
Inductometbr  ;  an  instrument  for  measuring  Electrical  Induction. 
Inertia,  from  inertiay  inactivity ;  the  dbposition  of  matter  to  remain  in  its 

state  of  rest  or  motion. 
Inflammable,  from  tn,  and  flammOy  a  flame ;  capable  of  burning  with  a 

flame. 
Inflection,  from  itiy  to,  axidflectOy  to  bend;  the  same  as  Difiraction;  which 

ttAO 

Insulation,  from  insulay  an  island ;  when  a  body,  containing  a  quantity  of 
free  heat,  or  of  electricity,  is  surrounded  by  non-conductors^  it  is 
said  to  be  insukUed. 

Integrant,  from  integer ,  whole,  entire ;  those  ftfurta  of  a  body  which  are  of 
the  same  nature  with  the  whole,  are  called  Integrant. 

2  z 
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iHTBBrTiCBs,  from  intentUbim,  a  break  or  interval ;  the  nnoccuptrJ  ijitm 

between  the  luoleculeB  of  bodica. 
lomnE;  rroni  uv,  s  violet,  end  tliot,  the  form  or  likcncHa;   a  compiiand  J 

Iodine  wliich  is  not  used. 
loDiNs ;  a  soft  opai|ue  aubatuice  at  a  hluish-black  colour ;  when  haxti  it 

given  ofFo  vinlet-coloaied  gas. 
Ikidkscbnt,   fium    Irit,   tlie   «unbow;    tnsrked    with   tlie  colours  uf  At 

Isochronous,  from  uroc,  e<iuul,  and  xp°™^i  time ;  perfomied  in  c<|iial  limn. 
IsoMSRic,  from  uror,  etgnal,  and  fiipor,  n  part :  subKtaRceii,  wliirh  cviuix  cf 

the  same  inhered ients,  in  the  name  proportion,  and  j-et  differ  estii- 

tially  in  tlu'ir  pro[>ertie8,  are  (.'ailed  Isomeric. 
Isombbikh;   tlmt  portion  of  Chemical  Science  whicli  treuti!  of  Ivinirhc 

Kuhgtanct's, 
JuxT^-posmo:*,  from  juxta,  near,  and  pono,   to  place ;  the  pbi-iag  of  act 

tiling  close  to  another. 

LiCTic  Acid,  from  lot,  luilk ;  an  acid  produced  in  sour  milk. 

Lahinj!,  from  lamina,  a  thin  plate ;  extremely  thin  platva,  of  which  hum 
Milid  bodies  are  c^mponcd. 

Li-vis,  from  Irm,  a  bciin;  {iroperly  a  sniall  glass  in  the  form  of  a  bean;  l>at 
more  generally  it  ineuiis  a  piece  of  gloss,  or  otiier  truupareal  wU 
■tance,  liavinfr  its  two  surfiices  so  funned  that  the  rays  of  ligtit,  ia 
paasih]}  tlirough  it,  have  their  direction  changed,  and  are  made  to 
divei^  or  converge,  or  to  become  pamllel  after  divet^g  or  cob- 
Terging. 

Lbvioition,  from  larii,  unooth ;  the  ait  of  reducing  to  a  light  powder. 

LioKiK,  firom  lignum,  wood ;  the  fibrous  structure  of  v^etoble  boding  whid 
lemunB  when  all  tile  robstancM  which  ore  aolnble  ban  been  n- 

LiOMiH,  firom  ff^iMt,wood;  an  organic  principle  of  whidi  the  filna  of  ng^ 

tablea  are  compoaed. 
LujUBVACTioM,  from  liqvefaeio,  to  make  liquid;  the  prnrirw  of  consti^ 

into  a  liquid  itate. 
LiTMUi ;  a  blue  pigment  obtained  from  tlie  ZicAm  mrmrfh.  It  !i  ■  Bttf 

delicate  teat  of  aoid^  which  turn  it  red, 
LouwTOHi^  i.  e.  LKuwroKE ;  an  ore  of  iron  having  "^niitir  jwmwiliM 
LoooiuTBu^  from  Xityot,  a  pnportion,  and  /tirpow,  to  iniMiiii,  mmmn^ 

proportionate  ipaeeai 

Haonit,  frnn  Jf^^iKria,  a  town  inArfiUinor;  vhmthe^ifwIkMii' 
iron  waa  found ;  artifidal  m^neta  an  aniall  hna  of  itad  ■  Mb 
whioli,  when  placed  at  liberty,  tmj  one  and  faHheiwrflfc 

MMnaaoKt  the  poenliar  prcfter^  potwed  hy  eerl«in  fnTHgtaaMl 
wberebj,  niider  fiertain  dicBnutanee^  they  attntct  -M 
aaother  ■"■"■Jtwg  to  eertain  Uwi. 

HaoRno-Euomom;  elaetriet^  pndnead  ij  maguolinn. 

MitLMM.^  from  maOm, »  hwmnaf;  that  whioh  tm  cap»bla  of  beini  <r>^ 
l^hNltaf. 
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MANUFACTURiEy  from  manusy  the  hand,  and  facto,  to  make ;  literally,  any- 
thing made  by  the  hand. 
Margarin,  from  fiapYapiTTj^y  a  pearl ;  a  name  given  to  a  &tty  principle  for  iti 

pearly  lustre. 
Mash,  -ive  ;  the  quantity  uf  matter  in  a  body  which  is  in  proportion  to  the 

weight. 
Mathematics,  al,  from  fiapBdvtHf  to  leani;  the  science  which  treats  of  the 

ratios  of  numT>ers  and  quantities. 
Maximum,  from  maximuSj  greatest;  the  greatest  value  of  a  variable  quantity. 
Mbchanics,  from  fiijxavfj,  a  machine  ;  the  science  which  treats  of  the  laws 

of  tlie  rest  and  motion  of  bodies. 
Mediately,  from  f/i«<ff?<«,  intervening ;  with  the  intervention  of  a  second  cause. 
Meridian,  from  meridies,  mid-day ;  the  Terregtrial  meridian  of  a  station 

on  the  earth's  surface,  is  the  great  circle  passing  tlirough  both  the 

poles  of  the  earth,  and  through  the  place. 
Metallurgy,  from  luraWovj  a  metal,  and  tpyovy  a  work ;  the  art  of  working 

metals  and  separating  them  from  their  ores. 
Metamorphosis,  from  luroy  Hrans,'  axid  fiop<l>ri,  form ;  the  transformation  of 

chemical  compounds. 
MsTArHYSics,  -icAL,  from  /icra,  after,  and  (^vo-ir,  nature ;  the  science  which 

treats  of  objects  inaccessible  to  the  senses. 
Methule,  from  fi€$Vy  wine;  a  compound  resembling  alcohol  in  its  con- 
stitution. 
MiMBRALoor ;  the  science  which  treats  of  bodies  not  being  vegetable  or 

animal. 
Minimum,  from  minimM,  least ;  the  least  value  of  a  variable  quantity. 
Moireb  Metaluque,  from  moirSty  a  watered  silk ;  when  tin  plates  are 

washed  over  with  a  weak  acid,  the  crystalline  texture  of  the  tin 

becomes  apparent,  forming  a  crystalline  appearance,  which  has 

been  called  Moiree  Metallique. 
Molecules,  -ar,  a  diminutive  from  moleSy  a  mass ;  the  infinitely  small 

material  particles  of  which  bodies  are  conceived  to  be  aggregations. 
Momentum,  from  mottOy  to  move ;  the  product  of  the  numbers  which  repre- 
sent the  quantity  of  matter  and  the  velocity  of  a  body,  is  called  its 

momentum,  or  quantity  of  motion. 
Morphia,  ftom  Morpheuiy  the  god  of  sleep ;  an  alkaline  principle  derived 

from  the  poppy. 
Mucilaginous  ;  resembling  mucilage  or  gum. 
Multiple,  from  mukiplico,  to  render  manifold ;  a  quantity  is  said  to  be  a 

multiple  of  another,  when  it  contains  that  other  quantity  a  certain 

number  of  times  without  a  remainder. 
MuBBzni,  firom  murex,  a  fish  afibrding  a  purple  dye ;  a  splendid  puiple 

compound,  resulting  from  the  decomposition  of  uric  by  nitric  acid. 

NascBHT,  from  immoot,  to  be  bom ;  in  the  moment  of  fbrmatioo. 

NaoATXTS,  from  ntffo,  to  deny ;  quantities  to  which  the  sign  of  sabtiaciioii 
or  negative  sign  is  prefixed, are  called  negative  quantities;  this 
iign  is  »li>«?  used  to  denote  qperations  which  are  tlw  lewne  of  those 
denoted  by  the  positive  rign. 

Nmoonr,  from  i^vyior,  nitre,  ud  ytmSi^  to  piodnoe;  a  coloorlesi  gae, 

az2 
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devoid  of  taste  or  smell ;   it  is   one  of  the  constitnents  of  the 

atmosphere. 
Nodes,  -al,  from  noduSy  a  knot ;  in  the  doctrine  of  corresy  a  node  is  a  smaD 

oval  figure  made  by  the  intersection  of  one  branch  of  a  cunre  with 

another. 
Normal,  from  narmay  a  rule ;  according  to  rule. 
Nucleus,  from  nucleuSy  a  kernel ;  the  central  parts  of  a  body  which  are 

supposed  to  be  firmer,  and  separated  from  the  other  parts,  as  the 

kernel  of  a  nut  is  from  the  shell ;  also,  the  point  about  whkh 

matter  is  collected. 

Oblate,  from  06,  in  front  of,  and  latus^  broad ;  flattened,  or  shortoied. 
Oblono,  from  6b,  in  front  o^  and  lan^us,  long ;  greater  in  length  than  in 

breadth. 
OcTOH&DRON,  -AL,  from  oKra>,  eight,  and  cdpa,  a  side ;  a  solid  figure  contaioed 

by  eight  equal  and  equilateral  triangles. 
Olefiant  Gas,  from  oleumy  oil,  and^,  to  become ;  a  colourless,  tasteless 

gas,  which  derives  its  name  from  its  property  of  forming  an  oil- 
like liquid  with  chlorine. 
Optics,  firom  ^krofuzi,  to  see ;  that  brandi  of  Natuml  Philosophy  which 

treats  of  vision,  and  of  the  nature  and  properties  of  light,  and  of 

the  various  changes  it  undergoes. 
Orbicular,  from  orins,  a  globe,  having  a  globular  form. 
Organic  Matter,  from  opyawovy  an  oigan  ;  when  matter  possesses  organs,  or 

oiganized  parts  for  sustaining  living  action,  as  AnimAla  and  plants, 

it  is  called  organic. 
Organization  ;  construction  in  which  the  parts  are  so  disposed  as  to  be 

subservient  to  each  other. 
Oscillation,  from  oscUloTy  to  swing ;  the  vibration,  or  reciprocal  ascent  and 

descent  of  a  pendulum. 
Oxide  ;  a  combination  with  oxygen,  not  being  acid. 
OxmiZABLE ;  capable  of  being  converted  into  an  oxide. 
OxTOEN,  from  o£vr,  acid,  and  y^vmny  to  produce ;  a  colourless,  aeriform 

fluid,  which  was  formerly  supposed  to  be  the  universal  acidif/hiV 

principle. 

Para,  from  Tropo,  parallel  to ;  when  prefixed  to  a  substance  indicates  similar 

constitution. 
Parabola,  from  iraphy  parallel  to,  and  /3aXX«>,  to  place ;  one  of  the  oooic 

sections,  formed  by  the  intersection  of  a  plane  and  a  cone,  when 

the  plane  passes  parallel  to  the  side  of  the  cone. 
Paraffin,  from  parum  <^niSy  little  related ;  a  principle  derived  £rom  tar, 

and  little  acted  upon  by  chemical  agents. 
Parallel  ;  a  term  applied  in  geometry  to  lines  and  planes^  which  are 

everywhere  equidistant  from  one  another ;  straight  lines,  whidi, 

if  infinitely  produced,  never  meet,  are  called  parallel  straight  lines. 
Parallelogram  ;  a  four-sided  figure,  of  which  the  opposite  sides  are  parallel 

and  equal. 
Parallelopipedon  ;  a  solid  figure  contained  by  six  panUdograma,  the 

opposite  sides  of  which  are  equal  and  pcffalleL 
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Pectut,  from  n^^ir/coagulation  ;  vegetahlc  jelly. 

Pellicle,  a  diminutive  from  pelliSy  a  skin  or  crust ;  a  thin  crust  formed  on 

the  surface  of  a  solution  by  evaporization. 
Pendulum,  from  pendeo,  to  hang  ;  a  heavy  body  so  suspended,  that  it  may 
vibrate  or  swing  backwards  and  forwcu^s  about  some  fixed  point, 
by  the  action  of  gravity. 
Percolate,  from  per,  through,  and  colo,  to  strain ;  to  strain  through. 
Permeate,  from  permeOy  to  pass  through  ;  to  penetrate. 
Perpendicular  ;  the  straight  line,  which,  standing  upon  another  straight 
line,  makes  the  adjacent  angles  equal  and  consequently  right  angles, 
is  said  to  be  perpendicular  to  the  line  upon  which  it  stands. 
PnEKOHENON,  from  <f>aivofiaij  to  appear ;  an  appearance. 
Philosophy,  -ical,  from  (^cXcm,  to  love,  and  tro<f>iay  wisdom ;  the  study  or 
knowledge  of  nature,  or  morality,  founded  on  reason  and  experience, 
the  word  originally  implying  "  A  love  of  wisdom." 
Phlogiston,  from  (^Xcya>,  to  bum ;  a  name  given  by  the  older  chemists  to 
an  imaginary  substance,  which  was  considered  as  the  principle  of 
Inflammability. 
Phosgene,  from  <^r,  lights  and  ytwcuo^  to  produce ;  produced  by  light. 
Phosphorus,  from  <^r,  light,  and  <^pai>,  to  produce  ;  a  highly  inflammable 
substance,  obtained  irom  calcined  bones,  which  emits  light  when 
placed  in  the  dark. 
Photograph,  from  <^r,  light,  and  ypa<^,  I  write ;  a  picture  formed  by  light. 
Photometer,  from  <^r,  light,  and  fifrpov,  a  measure;  an  instrument  for 

measuring  the  different  intensities  of  light. 
Physics,  -ical,  from  <f>v<ris,  nature ;  the  science  of  natural  bodies,  tlieir  phe- 
nomena, causes,  and  effects,  with  their  affections,  motions,  and  ope- 
rations. 
Physiology,  -ical,  from  (f)wriSy  nature,  and  Xoyof,  an  account ;  the  science 

which  treats  of  the  structure  of  living  beings. 
PiPERiN,  from  pipeTy  pepper ;  a  crystalline  principle  contained  in  pepper. 
Plummet,  from  plumfmmy  lead ;  a  weight  suspended  from  a  string  to  mark 

the  direction  of  gravity  on  a  perpendicular  to  the  earth. 
Pkeumatics,  from  vrvcC/xa,  air ;  that  branch  of  Natural  Philosophy,  which 

treats  of  the  weight,  pressure,  and  elasticity  of  aeriform  fluids. 
Polarity  ;  the  opposition  of  two  equal  forces  in  bodies,  similar  to  that 
which  confers  the  tendency  of  magnetized  bodies  to  point  to  the 
magnetic  poles. 
Polarization  ;  the  communication  of  the  above  opposition  of  forces. 
Polarized  Light;  light,  which,  by  reflection  or  refraction  at  a  certain 
angle,  or  by  refraction  in  certdn  crystals,  has  acquired  the  property 
of  exhibiting  opposite  effects  in  planes  at  right  angles  to  each  other, 
is  Bud  to  be  polarized. 
Foun ;  the  extremities  of  the  axis  about  which  a  body  revolves. 
FtoUB  or  A  Maonst  ;  points  in  a  magnet,  where  the  intensity  of  the  mag- 
netic force  is  a  maximnm ;   one  of  these  attracts^  and  another 
repels  the  same  pole  of  another  magnet. 
FoBsa^  frnn  vdpor,  a  paassge ;  the  small  interstices  between  the  solid  par- 
ticles of  bodies. 
R»niTB»  ftaokpomikmi  qnintitles  to  which  the  sign  of  addition,  or  pori- 
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tin  •IgD)  ts  prefixed,  are  called  positire  qnantUies.    The  sign  uA 
vord  ate  also  used  to  denote  actions  or  operationi  which  ore  Uii 
revene  of  those  denoted  by  the  negative  eign. 
FKECiPiTATioii,  from  pnecipito,  to  foil  suddenly  ;  the  separation  of  t  ftilid 

from  a  liquid. 
Friem;   b  triangular  glass  solid  used  for  the  Beparation   of  rsja  of  ti|,-ht 

by  refraction. 
pRODDCT,  from  pro,  forth,  and  dvco,  to  draw  ;  anything  funned  from  the 

elements  of  another  by  an  opention. 
PaooREseiON,  fr^Dm  pn>,  forn'orda,  and  gradior,  to  step  ;  a  seriii  of  quuititJN 

advancing  in  the  same  manner  or  according  to  the  name  law ;  ii  in 

aritlimetic   progreBion,  they  increase  or  decrease  by  a  fummn 

difference ;  in  a  geometric  by  a  common  ratio. 
FfUMETTiLK,  from  pro,  forwards,  and  jacio,  to  throw  ;  a  heavy  bodj  [>i»- 

jccted,  or  coat  forwards  into  space,  by  any  exteinal  force. 
Pbopoktioh  ;  the  relation  of  equality  Bubaivting  between  two  ration 
FnoTRAtTOR,  frtnn  pro,  forwards,  and  traho,  to  draw  ;    an  instnunent  far 

protracting  or  laying  down  on  paper  the  angles  of  a  fignne. 
PrROMBTEit,  from  irup,  fire,  and  furpoK,  a  measure  ;  on  instnunent  Gir  mea- 
suring higher  degrees  of  tempentiue  than  c«n  be  aacertaiiMd  br  t 

thermometer, 
Ptroxtlic  Spirit,  from  nZp,  fire,  and  i^iit,  acid  ;  a  colonrlev  tim^aitnt 

spirit  obtained  by  the  destructive  distilUtion  of  wood. 
Ftro  ;  when  prefixed  to  a  word  denotes  that  the  substance  which  it  ■gnifics 

has  been  formed  at  a  high  temperatura. 

Q,DAnBANT ;  the  fourth  part  of  the  circumference  of  ft  drde. 
Qualitative  ;    regarding  the  properties  of  a  body  withont  refmnee  la 

quantity, 
Qdaktitativr;  regarding  quantities. 

Radiation,  from  radiui,  a  ray ;  the  shooting  forth  in  all  diRctioM  fn*  ■ 

Rasicu,  from  radix,  a  root ;  the  equivalent  to  an  element  la  a  « 
Radius  ;  the  ttrught  line  drawn  frvm  tlie  centre  to  tlie  ei 

Rakkfactioi>,  from  rariu,  ran^  and  /aeie,  to  maka ;   the  met  tt  MBBif  * 

Hubatanee  to  become  lesa  denaej   ft  also  dmomlnBlia  the  Miiirf 

this  lesMned  denmty. 
Ratio;  the  rdaUon  which subdsta  between  two qnaatitiM of  thaaMskta^ 

the  compaiiMn  behig  made  by  couidcring  what  maH^la  fat  * 

porta  one  of  tbam  ii  of  the  othv. 
Rat  ;  ft  beam  of  li^t  pn^i^atftd  ftom  a  ndiant  potoL 
RiAcnoii ;  the  BsctproeaUon  of  aigr  iiMpnla^  m  fcna  tafBaaa^  mtik  V 

the  body  on  iriildb  mch  imprewion  la  made.    ~  '    * 

equal  to  action. 
Hhoxdit^  ftom  rscMMlR^  to  hide ;  hlddott  or  ooaoMltd. 
Racuxoc^  from  nctKt,  righ^  and  migHtn,  sn  aagle  ;   i 

ligan,  hi  which  aU  the  angka  an  ri^t  mi^im,  and  t^otft^   ' 

■Uea  aqnal  asd  panllel. 
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Rectification  ;  the  process  of  drawing  anything  ofF  by  distillation,  in  order 

to  make  it  more  pure  and  refined. 
Rectilinear  ;  consisting  of,  or  bounded  by  straight  lines. 
Reflection,  from  re^  back,  and  flectOy  to  bend  ;  the  act  of  bending  back  ; 

when  rays  of  light  fall  on  the  surfaces  of  bodies,  part  of  them  are 

thrown  back  or  reflected. 
Refraction,  from  r«,  back,  and  frango,  to  break  ;  the  deviation  of  rays  of 

light  from   their  direct  course,  when  passing  through  media  of 

different  densities. 
Refrangible  ;  susceptible  of  refraction. 

Refrigeration,  from  r«,  again,  and /n^ruf,  cold  ;  the  act  of  cooling. 
Rbpulbion,  from  re^  back,  and  pelloj  to  drive;  that  property  in  certain 

bodies,  whereby  they  mutually  tend  to  recede  and  fly  off  from 

each  other. 
Retort,  from  re,  back,  and  torqueo,  to  twist ;  a  vessel  with  a  bent  neck, 

which  is  made  use  of  in  chemical  operations. 
Rhombus  ;  a  solid  figure,  which  lias  all  its  sides  equal,  but  its  angles  are  not 

right  angles. 
Rrombohedron  ;  a  solid  figure,  whose  sides  are  composed  of  rhombi. 
Rhomboid  ;  a  figure,  which  has  its  opposite  sides  equal,  but  all  its  angles 

are  not  equal,  neither  are  all  its  angles  right  angles. 

Saucin,  from  salixy  a  willow;  a  crystallizable  principle  contained  in  willow 
bark. 

Salifiable  Bases,  from  «a/,  salt,  andy?o,  to  become;  bodies  capable  of  com- 
bining with  acids  to  form  sadts. 

Sapid,  from  sapiOy  to  taste  of;  possessing  the  power  of  exciting  the  oigans  of 
taste. 

Saturation,  -ated,  from  saturj  full ;  the  solution  of  one  body  in  another, 
until  the  receiving  body  can  contain  no  more. 

Scale,  from  scaia,  a  ladder;  an  instrument,  in  which  a  line  is  divided  into 
small  and  equal  parts,  and  which  is  applied  for  the  purpose  of 
ascertaining  the  relative  dimensions  of  other  lengths  not  so  divided. 

Section,  from  seco^  to  cut;  a  cutting,  or  part  separated  from  the  whole. 

Segment  of  a  Circle  ;  any  portion  cut  off  by  a  straight  line. 

Seleniubi,  from  atXffvrj^  the  moon ;  an  inflammable  solid  body,  of  a  reddish- 
brown  colour ;  it  is  tasteless,  and  possesses  metallic  lustre. 

Sine  ;  the  straight  line,  drawn  from  one  extremity  of  an  arc,  perpendicular 
to  the  radius,  which  passes  through  the  other  extremity. 

SoLonoN,  from  tolvoy  to  loosen;  in  chemical  language,  any  fluid,  which 
conUuns  another  substance  dissolved  in,  and  intimately  mixed 
with  it. 

Solyjuit;  any  substance  which  will  dissolve  another. 

SFiounc,  from  tpecieSy  a  particular  sort  or  kind ;  that  which  denominates 
any  property  which  is  not  general,  but  is  confined  to  an  individual 
or  species. 

SncTRim ;  the  coloured  image  formed  on  a  white  snrfiuse  by  mys  of  light 
passiiig  through  a  hole,  and  being  refinacted  by  a  glass  pium. 

SniBBB;  fhe  solid  fignn  Conned  by  the  rotation  of  a  semicircle  abont  its 
diameter. 
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Spheroid,  -al  ;  a  solid  figure,  formed  by  the  revelation  of  an  ellip*  about 

one  of  its  axes;    hence  it  is  sometimes  called  an  eUipsoid;  the 

spheroid  will  be  oblate  or  prolate,  according  as  the  reTolatioo  is 

performed  about  the  minor  or  major  axis  of  the  ellipse. 
Statics,  -ical,  from   trrarhsy  poised;  that   branch   of  mechanical  science 

which  treats  of  the  equilibrium,  pressure,  weight,  &c^  of  solid 

bodies  when  at  rest. 
Stearin,  &c.,  from  (rrcop,  tallow ;  the  solid  principle  of  oils  and  fiits. 
Stratum,  from  stemo,  to  strew ;  a  layer. 
Symmbtrit,  -ical,  frt)m  crvv,  together,  and  lUrpop,  a  measure ;  conformity  of 

measure. 
Synthesis,  from  avv^  together,  and  riBrjfUj  to  place;  the  compontion  oft 

whole  from  its  parts ;  in  mathematics,  the  process  of  reaacmiiig  out 

new  principles  from  those  already  established. 
Sublimation,  frt>m  sublimis,  high ;  the  act  of  raising  into  vapour  by  mMBf 

of  heat  and  condensing  in  the  upper  part  of  a  vessel. 
SuLPHURET ;  a  combination  of  a  metal  with  sulphur. 
Synchronous,  from  avvy  together,  and  xP^vos,  time ;  performed  in  the  8am« 

time. 

Tactile,  from  tango^  to  touch ;  of,  or  relating  to,  touch. 

Tangent,  -ial;  the  line,  which  touches  a  circle  or  any  other  curve,  but 

does  not  cut  it. 
Tentative,  from  tefUo,  to  try ;  experimental. 
Ternary,  from  ter^  tlirice ;  containing  three  units. 
Tetrahedron,  from  T€(r<rap(s,  four,  and  ^dpo,  a  base,  or  side;  a  solid  figure 

contained  by  four  equal  and  equilateral  triangles. 
Theory,  -etical,  from  ^(o>pta,  a  view ;  a  collected  view  of  all  tluit  ib  known 

on  any  subject  into  one. 
Thermo-electricity  ;  electricity  produced  by  heat. 
Thermometer,  from  6€pfto9,  heat,  and  fUTpov,  a  measure ;  an  instnimcDt  fvr 

measuring  the  degrees  of  heat. 
Thermoscope,  frt)m  Btpfios^  heat,  and  o-iroirco>,  to  view ;  an  instrument  fur 

exhibiting  the  powers  of  heat. 
Tire  ;  a  hoop  of  iron,  used  to  receive  the  felly  of  a  wheel. 
Torsion,  Force  of,  from  torqueOy  to  twbt;  a  term  applied  by  Coulomb  to 

denote  the  effort  made  by  a  thread,  which  has  been  twisted,  to 

untwist  itself. 
Transparent  ;  a  teiin  to  denote  the  quality  of  a  substance  which  not  only 

admits  the  passage  of  light,  but  also  of  the  vision  of  external 

objects. 
Triturated,  from  trituro,  to  thresh ;  reduced  to  powder. 
Truncation,  from  truncusy  cut  short ;  the  cutting  off  a  portion  of  a  solid,  as 

of  the  solid  angle  of  a  crystal. 

Ule;  this  teimination  is  given  to  indicate  that  the  compound  enters  into 
combination  as  the  radicle  of  a  series:  «.  ^.  benzule,  salicule, 
ethule,  &c. 

Undulation,  from  unda,  a  wave ;  a  formation  of  waves. 

Uniaxal,  from  unusy  one,  and  Am,  an  axb ;  having  but  one  axis. 
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Vacuum 9  from  vacuug^  endpty ;  a  space  empty  and  devoid  of  all  matter. 

VBIVTII.ATION,  from  ventuSy  wind ;  the  supply  of  firesh  air. 

Vbrnibr  ;  an  instrument  invented  by  Vbrnisr  ;  it  consists  of  a  small  movable 

scale,  running  parallel  to  the  fixed  scale  of  a  quadrant,  or  other 

instrument,  and  having  the  effect  of  subdividing  the  divisions  of 

the  instrument  into  more  minute  parts. 
Vesicular,  from  vesicula,  a  little  bladder ;  of  a  structure  resembling  that  of 

little  bladders. 
Vibration,  from  vibro,  to  brandish ;  the  regular  reciprocating  motion  of  a 

body,  as  of  a  pendulum,  &c. ;  a  motion  to  and  fro. 
VoLUMB,  from  votumeriy  a  roll ;  the  apparent  space  occupied  by  a  body. 
Voltattpb,  from  the  eminent  philosopher  Volta,  and  rvfror,  an  impression ; 

a  metallic  cast  formed  by  the  voltaic  battery. 

Wkioht  ;  the  pressure  which  a  body  exerts  vertically  downwards,  in  conse- 
quence of  the  action  of  gravity. 

Zbro;  the  numeral  0,  which  fills  the  blank  between  the  ascending  and 
descending  numbers  in  a  series. 
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Acid,  hypo-cUorove,  378 

hjrpo-nitroua,  338 

hjpo-phospUorous,  407 

. hypo-sultiliuric,  400 

bypo-BulpburouB,  399 

iodic,  330 

iodous,  330 

it&conic,  G26 
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inalfeic,  688 
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-palmitic,  Cil8 

—  para-iartaric,  823 

—  pcr-cliloric,  381 

—  pfiocenic,  818 

—  ptiospiioric,  408 

—  phusphonius,  406 

—  pliiMpliovinic,  849 

—  pimelic,  618 

—  pioic,  6:<S 

—  pruasic,  368 

—  pnlpitrio,  664 

—  pyro-gnllic,  636 

—  pyiti-meconic,  686 

—  pyro-phosphoric,  410 

—  pyro-racomic,  626 

—  pyro-tartanc,  630 

—  racemic,  683,  636 

—  saliculic,  669 

—  sobocic,  618 

—  selenic,  403 

—  Mlenioui^  40S 
'     818 


•nlphnratted  hypo-nlphiiraii^iOO 


=S!Si,V 


4U 


Adds,  cbanctcTsof,  313 

nomenclatun:  of,  3S7  ct  irq. 

isonieric,  3(;9 

inaulaled  by  waler,  37i 

relation  of  hydrogra  tu,  431 

constitution  of  iiion^iiic,  '" 

passa^  of,  iu  llie  vuliaje , 


LydratM  of  fatty,  KIS 

organic,  631  et  trg. 

Aconitic  acid,  hj'dratod,  628 
Aconstics,  science  of,  43 
Action  and  reaction  of  uuitln.  Id 

of  electricity,  aw 

Acute  rhombohedrou,  fonned  of  ifibo- 

rical  pa^ticle9^  93 
Adhesion,  produced  by  moiBtort.il 

beCerageiiooD.%  ftS  r(  M9. 

of  gnses,  04 

of  some  gaw-i  with  water,  71 

influence  of,  upon  affinilj,  441 

Adlieaive  attraction,  69 

^naatbic  acid,  source  andfonnah,!)) 

-4inant1ijrlic  acid,  aourcs  and  fonnih, 


618 

PIKUB,  1 

30fi 


L<B,  bypotheeia  eS 


of  water,  68 
Aerial  currents,  127  W  tsf . 

compensating,  1&7 

A<>Tial  fioids,  ktud*  of,  Iw 
Aerial  vapour,  cimdatiw  of,  IH 
Aiirifonn  atMM^  coUuitM  0^  S 

repuUon  of;  18 

Aerifonn  bodies,  elMtid^  tl,  31 
restraint  of   Um 


adhedoii  «f,  to  liqaU^II 

mixtim  vS,  78 

expuirfoBii^lyhM^M 

Uw  of  thdr  iKiiiriw  Ir 

heal,  lig 
pown  of  ooodMliighHtlVi 
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Affinity,  influence  of  cohesion  upon,  440 

relation  of  water  to,  441 

influence  of  adhesion  upon,  441 

influence  of  motion  on,  444 

influence  of  elasticity  on,  446 

—  influence  of  heat  upon,  450 
influence  of  radiant  heat  and  light 

on,  452 
■  cunvnt,  462,  et  seq. 

instances  of  local,  462 

opposing,  473,  et  seq, 

assisting,  474,  et  seq, 

conditions  of  tlie  circulation  of,  477 

—  contrary  force  of,  509 

circulating,  516 

Air,  see  Atmospliere 

expelled  from  water  by  boiling,  8 

cxi)ansion  of,  by  heat,  18 

uuc«iiial  buoyancy  of,  29 

discovery  of  the  weight  of,  30 

elasticity  of,  30 

upward  dccantation  of,  37 

gauges  for  measuring  the  rare- 
faction of,  39,  note 

in  relation  to  sound,  43 

— ^  adhesion  of,  to  glass,  65 

solution  of,  in  water,  68 

velocity  of,  rushing  into  a  vacuum, 

76 

measurement  of,  104 

law  of  its  expansion  by  heat,  119 

-—  conduction  of  heat  by,  123 

convection  of  heat  by,  126 

currents  of,  127 

ascension  of,  by  heat,  127 

specific  heat  of,  133 

dfect  of  rarefaction  upon  the  tem- 
perature of,  134 
— ^  heat  disengaged  by  the  compres- 
sion of,  134 
— .  saturation  of,  with  moisture,  154 
— .^lique&ction  of,  163 
——'reflection  of  light  by,  174 

refraction  of  light  by,  177 

power  of  reflecting  light  in  rela- 
tion to  its  thickness,  191 
— ^  electrical  induction,  245 
^—  speoific  inductive  capacity  of,  265 
— —  tpecific   insulating  power   over 

electricity,  274 
—  chemical  nature  of,  308,  et  seq, 

combustion  in,  309 

Air-^,  description  of,  33,  note 
Air-pmnp,  description  of,  32  and  noU 
^*-  c»ld  produced  during  the  ez- 

hamtion  of,  184 
•^^  bailing  of  wster  in  the,  139 

freeshig  of  water  in,  140 

boHing  of  ether  in^  140 


Air-pump,  freezing  of  mercury  in,  140 
Air-thennomcter  of  Sanctorio,  1 04,  noto 

of  Leslie,  105 

Albumen,  source  and  properties,  619 

vegetable,  619 

ultimate  analysis  of,  620 

of  serum,  formula  of,  621 

of  eggs,  formula  of,  621 

Alcohol,  compressibility  of,  55 

specific  heat  of,  133 

boiling  point  of,  144 

expansion  of,  during  vaporization, 

U7 
■  ■■  volume  of  the  vapour  of,  164 
refraction  of  light  by,  178 

by  the  vapour  of,  178 

—  formation  of,  643 

means  of  separating  water  from, 

644 

products  of  the  combustion  of,  644 

etherization  of,  646 

products  of  heating  it  with  sul- 
phuric acid,  646 

the  radicle  hydro-carbon  of,  647 

acetous  fermentation  in,  651 

oxygenation  of,  651 

Alcoholic  vapour,  latent  heat  of,  145 

Aldehyd,  formation,  properties,  and 
formula,  652 

Alimentary  principles,  612  et  seq. 

Alizarin,  or  madder  red,  638 

Alkalies,  characters  of,  313 

vegetable,  627 

Allantoic  acid,  source,  properties  and 
formula  of,  625 

manufacture  of,  664 

Allantoin,  665 

Alloxan,  662 

Alloxanate  of  bar}'ta,  663 

Alloxanic  acid,  663 

AUoxantin,  662  et  seq. 

Alloy  of  lead,  tin,  and  bisnmth,  136 

sodium  and  potassium,  138 

silver  and  platinum,  445 

zinc,  copper,  and  nickel,  445 

Alloys,  427  et  seq. 

Almond  oil,  refraction  of  light  by,  178 

Almonds,  oil  of  sweet,  617 

— «-  neutral  principle  from,  632 

oil  from  the  kernels  of  bitter,  634 

— ^  constituents  of  the  kernel  of.  666 

Alum,  form  of  crystal  of,  78 

dissection  of,  by  means  of  solu- 
tion, 86 

ciystalline  chsmoter  of,  07 

diathennancj  of.  S90»  892 

natnre  of  the  heat  transmitted 

thronghy  SS3 

■^-^  isomorpUsm  o^  688 
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Alumina,  chaiucters  of,  441 

Aluminnm,  Bymbol  and  equivalent  of, 
426 

atomic    weight    determined    by 

isomorphism,  690 

Amalgam,  electrical,  240 

of  mercury  with  muriate  of  am- 
monia, 480 

Amber,  electricity  of,  14 

Amethyst,  crystalline  characters  of,  97 

Amides,  671 

Amidide  of  potassium,  672 

Amidogen,  671 

—  hypothesis  of,  672 
Ammonia,  liquefaction  of,  163 

refraction  of  light  by,  178 

production  of,  339 

properties  of,  340 

—  decomposition  of,  by  the  electric 
spark,  340 

mixture  of,  with  oxygen,  340 

—  synthetical  constitution  by  weight, 
341 

condensation  of,  341 

solution  in  water,  341 

composition  of,  by  volume,  341 

note 
-»—  equivalent  of,  on  the  hydrogen 

scale,  3d0 
compound  with  hydro-cyanic  acid, 

368 
— —  action  of  chlorine  on  the  salts  of, 

381 
action  of,  on  the  metallic  oxides, 

429 

constitution  of  the  oxysaltsof,  435 

sulphate  of,  435 

action  of  spongy  platinum  on,  442 

■    ■     equivocal  product  of,  480 

-^—  purpurate  of,  664 

— —  oxalate  of,  670 

new  hypothesis  of  its  constitution, 

672 
Ammoniacal  gases,  distillation  of  an 

aqueous  solution  of,  71 
I         —  absorption  of,  by  water,  71 
Ammoniacal  vapours,  condensation  of, 

71 

latent  heat  of,  145 

Aromonio-chloride  of  platinum,  610 

citrate  of  iron,  use  of  in  photo- 
graphy, 459 

Ammonium,  the  hypothetical  metal, 
480 

constitution  of,  481 

oxysulphion  of,  535 

Ammoniurets,  429 

Ampere,  M.,  on  the  mutual  action 
of  electrical  currents,  570 


Ampere,  M,  hypothesis  on  the  con- 
stitution of  magnets,  by,  571 

elecU*o-magnetic  cylinder  of, 

572 

-^^  —  hypothesis  of  magnetism  b?, 
573 

Amygdalic  acid,  666 

Amygdalin,  source  and  formula  0^02 

means  of  obtaining,  665 

properties  and  formula,  601 

action  of  alkalies  on,  6G6 

action  of  eraulsin  on,  6fi7 

Analogies  between  light  and  sound,  19 

Analogy,  use  of,  in  science,  5 

Analysis  of  light,  180 

chemical,  314 

ultimate  organic,  606 

Anatase,  crystalline  character  of,  97 

Anhydrous  sulphuric  add,  397 

Animal  electricity,  595  ei  »eq, 

force,  1 1 

jelly,  621 

light,  460 

respiration,  action  of,  upon  atiiio> 

spheric  air,  318 

Animals,  symmetry  of  the  bodies  ol^  91 

electric,  695 

hypothesis  of  current  affinity  in, 

603 

Anions,  definition  of,  527 

Anise,  oil  of,  634 

Annihilation,  ignorant  ideaofmatenil, 
313 

Anode,  definition  of,  527 

Antimony,  specific  heat  of,  133 

•  symbol,  equivalent  and 

properties  of,  426 

hydruret  of,  431 

Ants,  acid  from,  625 

Apatite,  hardness  of,  58 

Apjohk,  Di.,  his  formula  for  the  dw- 
ticity  of  vapour  at  the  dew-poiat) 
155 

Aqua-fortis,  discovery  of,  329 

see  Nitric  acid 

Aqueo-acids,  confirmation  of  the  bi- 
nary theory  o^  5S4 

Aqueo-nitric  acid,  prop«rtieB  o^  SW 

radicle  of,  435 

electrolytic  name  of,  539 

Aqueo-sulphuric  add,  manufiitfkare  «( 
397 

compodtaon  of,  398 

radicle  of,  436 

Aqueous  vapour,  adhedon  o^  to  ^iam, 
65 

absorption  of,  by  diarood,  •» 

oonductioa  of  heal  by,  124 

spedfic  hsmX  d,  133 
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Aqueous  vapour,  substances  that  ra- 
pidly absorb,  140 

latent  heat  of,  145 

natural  economy  of,  156, 

circulation   of,  in  the  atmo- 
sphere, 15U 
absorption  of,  by  gases,  159 

Archil  of  commerce,  639 

Arctic  regions,  intense  cold  of,  123 

Aricina,  source  and  formula  of,  630 

Armature  of  a  uiagiiet,  304 

Arragouite, crystalline  characters  of,  97 

Arrow-root,  formula  of,  615 

Arsenic,  symbol,  equivalent,  and  phy- 
sical properties  of,  426 

alloy  of,  with  platinum,  427 

hydruret  of,  431 

acid,  428 

—  constitution  of,  438 

combinations  with  soda,  438 

Arsenious  acid,  cr}'stalline  character 
of,  97 

constitution  of,  428 

Arseniovinic  acid,  649 

Arseniurettcd  hydrogen,  431 

Artificial  cold,  production  of,  136 

organic  acids,  626 

Arts  developed  before  science,  4 

Ashes,  na  ure  of,  420 

Asparagin,  source  and  formula  of,  632 

Aasafoetida,  oil  of,  634 

Astatic  needle,  468 

Athermous  bodies,  220 

Atmosphere,  tee  Air 

elasticity  of,  29  et  seq, 

—  bahmccd  by  gravity,  30 

discovery  of  the  weight  of,  34 

pressure  of,  35  et  seq. 

ratio  of  its  density,  37 

pressure  of,  on  man,  41 

effect  of  destroying  the  cquili- 

brium  of  its  pressure,  41 

in  relation  to  sound,  43 

vibration  of,  43 

action  of,  upon  the  elasticity  of 

aSriform  matter,  51 

compressibility  of,  57 

—'—  natural  purification  of,  76 

invariable  uniformity  of,  76 

cnrrents  of,  127  e/  eeq. 

effect  of  rareiaction  upon  the 
temperature  of,  134 
effect  upon  evaporation,  151 
conveyance  of  heat  to  the  upper 
regions  of,  by  evaporation,  156 
eompennting  cnnrenta  of,  167 
bdlunce  of,  restored  bjwindfl^  158 
probable  liqncdbetioii  of,  18S 
action  of,  vpoo  light,  175 


Atmosphere,  absorption  of  heat  by,  217 
function  of  the,  in  electrical  in- 
duction, 245 

combustion  in,  309 

afjueous  vapour  of  the,  318 

analysis  of  1000  parts,  318 

carbonate  of  ammonia  in,  348 

chemical  actions  of,  440 

—  action.of  concurrent  forces  on,  444 
Atmospheric  air,  rarefaction  of,  134 
influence  of  its  pressure  upon 

boiling,  139 

saturation  of,  154 

electricity  of,  292 

^-  decomposed    by  phosphorus, 

309 

—  —  decomposed  by  the  heating  of 
mercury  in,  310 

decomposed  by  an  amalgam 

of  lead  and  mercury,  31 0 

synthetical  constitution  of,  314 

invariable  constitution  of,  314 

Atmospheric  vapour,  measurement  of, 
151 

means    of    determining    the 

elastic  force  of,  152 

condensation  of,  152 

Atom,  definition  of  the  term,  678 

Atomic  theory,  677  et  teq. 

in  relation  to  isomorphism,  688 

in  relation  to  isomerism,  693 

in  relation  to  dimorphism,  693 

Atomic  volumes,  691 

Atomic  weight,  relation    of  specific 
heat  with,  682 

—  relation    of    specific    gravity 

with,  682 

and  equivalent  weights  com- 
pared, 683 

comparison  of  those  obtained 

by  electrical  decom|)osition  and 
chemical  composition,  687 

in  relation  to  density,  692 

Atoms,  Newton's  hypothesis  of,  7 

sizes  and  figures  of,  7 

—  Boscovich's  hypothesis  of,  7 
hardness  of,  8 

— ^  weight  of,  9 

interstices  between,  9 

polyhedral,  89 

h}*pothesis  of  polyhedral,  90 

spherical,  92 

—  interstitial     vacuities     between 
crystalline,  92 

—  spheroidal,  03 

relative  weight  of,  670 

extension  of  the  spheroidal  h}'po- 

thesisof,  680 
relative  ibnna  of,  600 


Atoimi,  relative  disbinceH  uf,  683 

Epecific  hnit  uf,  G80 

sjH'Citic  eliTtrii'icy  of,  687 

hj'potbflirul  division  of,  by  licfU, 

C88 

igomoiphbnn  of,  6U8 

deiwitius  of,  692 

Alropio,  source  and  formula  of,  630 
Atlrectiou,  foroefl  of,  iS 

varifliis  of,  U 

clertrical,  14,  231) 

magnetic,  II,  39J 

honiogctieuiLB,  15,  All 

ciicniical,  I!< 

liclorogi-neoua,  I B 

Hction  and  niiction  of,  30 

of  gravitation,  2;) 

nxiproiAl,  21 

adhesive,  99 

capillary,  60  el  teg. 

of  friction,  60 

elective,  77 

oauNC  of  electrical,  253 

Ann,  liy|>otlii.<KiB  of  a  repuliiivo  uni- 

VGi'sal,  6H1 
Aurora  boreulis,  292 
Axes  of  symnietry  of  cryitals,  93 
Axiuite,  cryBtalUiit>  diameter  of,  97 
Azelaic  acid,  source  and  formula,  618 
Amte  {lee  Nitrogen),  310 

Babimoioh,  Dr.,  iinprovoment  in  the 

voltaic  i>ile,  by,  003  note 
Daking  a  fruit-pie,  pneunialology  of,  4S 
Balance  of  forces,  13 

conatnietion  of,  24,  30 

delicacy  of  tho,  35 

of  liuDlog«neoiu  and  helen^«ii( 

ona  forces,  60 
^—  of  atmoapheric  weiglit,  167 

dectrioal,  B38  ngU 

HanVi  electrical,  3B3 

Balloou,  hydrogen  g»  for,  3S9 
Baxib,  Bib  JoaxrH,  on  the  tolennce 

of  hckt  by  man,  183 
Birium,  aymbol  and  equivalent  of,  426 
— —  chlmde  rf,  376 

bromide  0^  S87 

^•^  phoa^nret  i^  430 
BHlaj-mgar,  <iiMige  la  the  intanial 

tomo^U 

r,  Invention  o^  36 

t  of  hdghta  bgr  Ibe, 


-«HMe  of  th*  dateriontieB  of,  U 
-  iWBilkttoBe  tt,  IH 
-AD  or,       ■  ■     ■  - 


Barbv,  Mr.,  his  proceei  of  prqnrii^ 
vegetable  extracts,  141 

Baryta,  combinatioiu  with  hydroftilv- 
ric  acid,  376 

compound  with  sugar,  fil3 

liromaie  of,  387 

altoxanate  of,  G63 

Bases,  partition  of,  in  solution,  441 

neutral  (ally,  I!I8 

—  —  orgiLuic,  627  et  try. 

Battery,  coQ6tan^  a04 

disKcted,  4SG 

thenno-elcctric,  558 

luagnctori^lectric,  588 

voltaic,  5!!! 

Beats  in  music,  analogy  of,  in  li|!ht,1tt 
BEcauESEi.,  M.,  on  fri<.lian,  lOi) 

artitiuial  gcnis  produred  b;.  Hi 

voltaic  batlory  by,  538 

table  of  electrical  condwrtiiin  h. 


Beet -root  sugar,  formula  of,  611 
Bell-jar,  an  electrified,  8S4 
Belladoaaa,  organic  h«Ne  from,  CM 
Behhet'b  gvld-leef  di!clrDnwUr,ni 

Benzamide,  671 

Ueuioic  acid,  aonrcei,  proptrtiifcMd 
formula  of,  634 

iiydiiLlcid,  lan 

from  oil  of  biU«r  aliiinihllT 

Benzoin,  acid  froin,  dSl 
Bcnzulc,  068 

chloride  o^  688 

iodide  of,  808 

bromide  at,  888 

oxide  ot,  688 

hydniret  at,  888 

nilphoret  of,  888 

Bkiaid,  H,,  dieeoHKji  of pdvUiM 

of  heat  bf.  888 
Beril,  fbtmof  an|«Ia£M 
Bibaac  pbo^hatM,  4H 


boifbr,  an 

obmBioal  aetetka  f^fki 

Bi-carburet  of  nltrDgeii,  <nl|^^^| 
obtaining  (sn  C^anogoiK™^^ 

Bi-trhloride  of  mereiiry,  tU 

Bi-chromatc  of  patasli.eryitaUiaAd*' 
isctere  of,  !J7 

Bi-cvaaide  of  mercury,  orntallisacla- 
rulers  of,  S7 

Bi-hydnMnrUm,  method  of  oUaioinf. 
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Bi-hydro-carbon,  properties  of,  359 

mixture  with  chlorine,  382 

Binarseniate  of  soda,  438 

Binary  theory  of  salts,  432  et  seq. 

electrical  confirmation  of,  634 

BiOT,  M.,  on  circular  polarization  of 
light,  203 

Bi-phospliate  of  soda,  use  of,  in  the 
preparation  of  proto-hydrate  of 
phosphoric  acid,  409 

formula  of,  437 

Bi-polarization  of  light,  199 

BiHD,  I>H.  GoLDiKo,  ou  voltaic  com- 
position, 479 

Bismuth,  crystallization  of,  58 

congealing  point  of,  137 

latent  heat  of,  137 

^—  symbol  and  equivalent  of,  426 

Bi-sulphate  of  potassa,  381 
Bi-fiulphite  of  potassa,  400 
Bi-tartrate  of  potassa,  source  of,  622 
Biting>in  performed  by  electric  action, 

554 
Bitter  almonds,  oil  of,  634 
Bittern,  nature  of,  384 
Black,  Dr^  measurement  of  latent 
heat  by,  144 

on  latent  heat,  135 

discovery  of  carbonic  acid  by,  317 

Black-lead  ware,  progressive  dilata- 
tion of,  116 
Blanching,  nature  of,  460 
Bleaching  properties  of  chlorine,  373 

by  sulphur,  396 

■  causo  of,  455 
Blood,  fibrin  of,  619 

serum  of,  619 

Blowpipe,  effect  of,  on  flame,  362 

Blue  dye,  637 

Blue  indigo,  637  ei  teq. 

—  —  formula  of,  640 
BoUer,  Mr.  Perkins*,  126 
Boiling  in  vacuo,  141 
Boiling^pointy  influenced  by  the  atmo- 

^heric  pressure,  139 

of  liquids,  144 

BoneSy  boiling  of,  144 

— oakination  of,  404 

Boiicifl  acidy  boron  obtained  from,  416 

means  of  obtaining,  417 

—  — pit^»ertiea  and  formula,  417 
Bondto^  «l0ctrioal  phenomena  of,  266 

ine  character  of,  97 
domuDsn^f  417 

ofobtaiiiing^416 
■ad  prapertifls  of,  416 
ibiuitioo  with  Aloriney  417 
n  with  ogqrgn,  417 
flUoridairf;418 


Boron,  combination  with  fluorine,  418 

combination  of,  with  the  metals, 

431 
Bow,  elasticity  of  the,  12 
Bbamah*s  press,  principle  of,  49  and 

note 
Brass,  strength  of,  47 

electrical  conduction  by,  268 

linear  expansion  of,  by  heat,  103 

Brass-wire,  spontaneous  change  in  the 

internal  structure  of,  99 
Brazilin,  source  and  properties  of,  639 
Breouet,  M.,  his  thermometer,  110 
Brewster,  Sir  David,  on  the  ana- 
lysis of  light,  184 

law  of  the  interference  of  light 

stated  by,  186 
Brimstone,  tee  Sulphur,  393 

—  specific  inductive  capacity  of,  266 
Brittleness,  examples  of,  54 
Bromate  of  baiyta,  formation  oi^  387 

of  potassa,  formation  of,  385 

Broniic  acid,  formation  of,  387 
properties  of,  387 

composition  of,  387 

detonating  salts  of,  387 

Bromide  of  barium,  formation  of,  387 

of  benzule,  668 

of  potassium,  formation  of,  385 

Bromides,  429 
Bromine,  sources  of,  384 
^—  formation  of,  385 
properties  of,  385 

effect  upon  light,  385 

combination  with  hydrogen,  386 

^— •  combination  with  oxygen,  3iB7 

path  of,  in  the  voltaic  current,  526 

Bromo-saliculic  acid,  669 
Brucia,  properties  and  formula  of,  629 
Brukel,Sir  Isambard,  on  the  lique- 
faction of  gases,  161 
Brush  discharge  of  electricity,  275 

influence  of  media  upon,  276 

varieties  of,  277 

Brushes,  nature  of  electric,  270 
Butter,  acids  from,  618 
Butyric  acid,  source  and  formnlay  618 
Butyroleic  acid,  souioe  and  formula, 
618 

Cadmium,  qrmbol,  equivalent  and 
physical  characters  of,  426 

Gaffinh,  flouices,  property  and  formula 
of,  631 

Calcareonf  spar,  hardnen  of,  AS 

form  of  oTStali  d^  80 

^^—  —  nimncnon  ot,  04 

new  Horn  prodnoed  bj  tha 

3  A 


Calcareoni  tpv,  effect  of  tempei&tnre 
upon  the  angles  of,  94 

Bxis  of  Bjmmotiy  of,  96 

orj-itftlline  characters  of,  VJ 

I         —  dimorphism  of,  98 

refraction  of  light  by,  1 78 

coloured   rings  produced  by, 

aoi 

Calcium,  symbol  and  equivalent  of,  42G 

atomic   weight   determined    by 

isomorphiwn,  CSS 

fluoride  of,  393 

phoapburet  of,  430 

Calcnlalion  of  equivalenis,  611 
Caloric  defined,  18 
Calorific  coloiation  of  glau,  2M 
Calorific  rays,  itt  Heat 

differences  between,  333 

—  compared  with  luminous,  3S4 

refraogibility  of,  820 

sifted  from  luminous,  23S 

secondary  solar,  820 

Calorimeter,  132  and  nM 

Calotype,  art  of,  4£4 

Camphor,  action  of  light  on  the  crys- 

lallization  of,  492 
fonnnla,  sonrcos  and  propertiea, 

633 
Candles,  cause  of  the  form  of  the  fiame 

of,  126 
chemical  conditions  requisite  for 

the  combuslioQ  of,  362 
Cane  sugar,  organic  radicle  of.  Oil 

—  —  formula  of,  615 

Can  thandin,  source  sad  formula  of,  63! 
Caoutchouc,  elasticity  of,  &3 
— —  sources,  propertiea  and  formula 
636 

deatruetire  distillation  of,  676 

Capacity  of  bodiaa  for  heat,  131 
Capillary  attraction,simplBat  form  of,60 

analyais  of  the  foreea  in.  El 

faypwbolio  eurv«  aliowii  l^,  SI 

■      ^  ftmHiar  oxainplai  of,  O 
•-'-■-■  of,  M 


C^nrie  Mad,  Moros  and  fbnnnla,  618 
CannMl,  natn«  <<  61 1 
^^  fbnmda  o(  611 
CariMfl^  dinkflnJiliai  of,  U 
—  ptopartlM  at,  SI7 

'    t  ^  on  Um  bydrogai 


■cd^3l 


.    mds  i4  with  o^'gcn,  96fi 

—  MBbnatiiML  pt,  la  ot^geB,  SM 

-  itata  <  in  ombisatiia,  SM  M» 


Carbon  produced  by  the  Ci 

of  hydrocarbons,  3fl2 

compounds  of,  with  nitro^,S64 

combination  with  chlorine,  3SS 

prolo-chloride  of,  383 

perehloride  of,  3H3 

combination  with  nitpliur.  UO 

dealo-sulphuret  of,  4(10 

combination  of,  with  the  metik 

430 

relation  of,  to  cerfaun  meuk,  &i 

Carbonate  of  ammonia  decompowd  by 

nitnilc  of  lime,  U7 

atmospheric,  348 

composition   and  decocupoutios, 

348  ncM 

eqiiivslent  of,  351 

chemical  notation  of,  S&3 

LiEBiu's  symbol  for,  3&3 

Carbonate   of   baryta,    decompositiaD 

of,  460 
Carbonate  of  lime,  sourcea  of,  3K 

formation  of,  347 

compoailion    and   decomposi- 
tion of,  348  note 

equivalent  of,  351 

Carbonate  of  soda,  t^yatalfine  dhani- 

ters  of,  97 

BouTce  of,  387 

action  of  solplniric  acid  OB.  441 

metomorphoaia  of  tha  iiislih 

of,  <!41 
Carboiiatea,  oomaptnidenoe  of  atioit 

wrighta  and  ^edfie  heola  ia  Ikf^ 

G86 
Carbomc  acid,  liqnActioB  of,  17 

aoluliao  c^,  in  wntar,  Jt 

■  —  q>ccifie  iMMt  of;  m 

liqaa&Btioai  of.  Ill 

^— .  —  freemng  oi^  b;y  ita  «wn  wnf^ 

ntion,  lAl 
affmntoM  fhrftaliqiAiHw 

of,  ISl  mH 

•  tiad^inliop- 


pnipatiaaa^SU 


etiuivnleol  proportiaca  nf,  3*7 

—  —  equivalent  of,  oo  tie  ItjJn- 

gen  9cale,360  ' 

— —  —  formula  of,  35S 
— : diagram  of  iu  cm 

TOlaine,  3A6  tu 
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Carbonic  acid,   determination    of,  in 

organic  analysis,  GIO 
not  an  essential  product  in 

acetous  fermentation,  652 
Carbonic  oxide,  refraction  of  light  by, 

178 

method  of  obtaining,  355 

properties  of,  366 

■■        —  decomposition  by  the  electric 

spark,  356 
formula  of,  356 

—  —  diagram  of  its  composition  by 
volume,  356  note 

—  —  composition    by  weight,   357 
note 

Carburet  of  iron,  431 

Carburets,  430 

Carburettcd  hydrogen,  refraction    of 

light  by,  178 
Carmine,    sources,    preparation    and 

formula,  640 
Casein,  means  of  obtaining,  619 

vegetable,  619 

ultimate  analysis  of,  620 

Cast  copper,  strength  of,  47 
Cast  iron,  strength  of,  47 

linear  expansion  of,  by  heat, 

103 

progressive  dilatation  of,  116 

Cast  steel,  strength  of,  47 

Castor  oil,  refraction  of  light  by,  178 

acid  from,  618 

Catalysis,  definition  of,  645 
Catalytic  force,  645 
Cathode,  definition  of,  527 
Cations,  definition  of,  527 
Cavewdish,  Mr.,  discovery  of  nitric 

acid  by,  329 
— ^  —  investigation  of  hydrogen  by, 

323 
Cell,  division  of  the  voltaic,  574 
Cells  of  the  elementary  battery,  492 

note:  496  noie 

of  the  dissected  battery,  498  et  teq, 

— ^  retarding,  499 

of  the  constant  battery,  605 

CzLsitrs*!  thermometer,  107 
Cementa,  principle  of,  69 
CeDtignde  thermometer,  108 
Ceriiim9  426 

CfTosylMi,  wax  from,  636 
CHArTAX^  Mt  on  the  action  of  light 

on  eryrtaUiiation,  468 
Chuooal*  Mt  Cbrbon 

alMorpUoii  of  gaaea  by,  66 

— •  property  of  pnrifying  water,  77 
*^  eoDdiiBtion  of  heat  ^,  120 

—  ipooiiio  heftt  off  188 

—  pnpMrmlkni  of»  317 


Charcoal,  saturated  with  hydrogen,  441 
illumination  of,  by  the  disruptive 

discharge  of  the  voIUiic  battery, 

546 

conducting  power  of,  548 

Chaise,  electrical,  242 

Chelidonia,  source  and  formula  of,  630 

Chemical  action  of  the  electrical  cur- 

rent,  528 

affinity,  19,  306  et  seq, 

as  a  source  of  light,  166 

limit  of  the  action  of,  325 

influence  of  radiant  heat  on, 

452 
dependent  on  the  conduction 

and  collection  of  current  affinity, 

492 

algebra,  325 

algebraical  signs,  352  et  teq, 

arts  preceded  chemical  science,  4 

combination,  effect  of  heat  on,  312 

multiple  proportion  of,  328 

compounds,  definite  nature  of,  325 

elements,  310 

equivalents,  34fi 

heat,  101 

nomenclature,  334 

notation,  352 

proportions,    both    definite   and 

reciprocal,  344 
rays  of  the  sohir  spectrum,  456 

et  »eq. 
Chemistry,  fundamental  idea  of,  307 

oi-ganic,  Ii68,  602  ei  teq. 

Chimborazo,     atmospheric     pressure 

upon  the  summit  of,  42 
Chlorate  of  potassa,  crystalline  cha- 
racter of,  97 

formation  of,  379 

character  of  the  salt,  380 

Chlorates,  characters  of,  380 
Chloric  acid,  formation  of,  379 

properties  of,  379 

formula  of,  379 

Chloride  of  antimony,  action  of  water 

on,  377 
—  barium,  formation  of,  376 

benzule,  668 

boron,  formation  and  properties, 

417 

copper,  formation  of,  445, 447 

cyanogen,  composition  of,  384 

^—  ethule,  660 

gold,  reduction  of,  by  li^ty  463 

hydro-carboDy  fbrmatioB  of,  888 

^— <—  oompontion  of,  383 

^—  methnle,  666 

nitrogen^  fonnatioii  o(  881 

»  ^  oompoeition  of»  888 
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Chloridrof  potniuuin, formation  of,380 
«liiKin,  fonnatiDQ,  propertiei,  and 

CODStUntlOD  of,  415 

silver,  fornuLtioii  of,  379 

action  oftbehypo-BuIphiles  on, 

399 

reduction  of,  441 

silver,  action  x>t  light  on,  453 

electrolysis  of,  54D 

sodium,  compoution  of,  373 

.    ..  —  action   of  Bulphuric  acid  on, 

446 
.— .  snlphur,  diatheimancy  of,  SSO 

■  —  formation  of,  401 

properties  of,  401 

composition  of,  401 

zirconium,  reduction  of,  470 

Chlorides,  definition  of,  373 

in  relation  to  mnriates,  S7S 

chantctera  of,  429 

Chlorine,  liquefKtioD  of,  163 

refVactioD  of  light  by,  178 

method  of  obtaining,  372 

nature  of,  37a 

test  of,  373 

blesching  properties  of,  373 

.  compounds  of,  with  metals,  373 

combination  with  sodiuta,  373 

antiseptic  proporties  of,  374 

combined  with  hydrogen,  374 

compared  with  oxygen,  378 

combinations  with  oxygen,  378 

combiDation  with  nitrogen,  381 

, ■  combinations   with   carbon   and 

hydro-carbon,  3SS 

combination  with  cyanogen,  384 

combination  «rith  snlphnr,  401 

combinAtions   with    phosphorus, 

412 

oombinationi  with  silicon,  41S 

combinction  with  honm,  417 

cambinatimw  of,  with  tha  metals, 

429 

action  of,  on  hjdiiodie  lai,  400 

eombinfttion  wjtli  Mrbosle  oxida^ 

468 
^—  path  ti,  ia  Om  Toltalo  cnrrent, 


Cinchoj 
Cinchoi 
nnclioi 
Ciunau 

eU 


S7S 


Ohknphusk  ^Mqdhl 


CUm 


i«o(4« 


mmM,htmtim<ir,»m 


CUowta  of  InUI,  mAmUob  «f  Ifa^ 

hy.lW 
Gknna,  ^mb4  aqalnlMt  wi  sl^ 


«MjaMlaafp« 


Codsia, 
Coffee,: 
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Cohohion,  in  relation  to  tlie  conduction 

of  heat,  122 

effect  of  electricity  upon,  229 

interference  of,  with  affinity,  440 

Cold,  effect  of,  upon  the  density  of 

bodies,  8 
action  of,  upon  a  saturated  solu- 
tion, 70 
as  a  means  of  destroying  hetero- 
geneous adhesion,  78 
• means  of  measuring  great  degrees 

of,  109 
exception  to  the  contracting  effect 

of,  118 

sensation  of,  increased  by  wind,  1 23 

tolerance  of,  by  man,  123 

artificial,  13f> 

as  a  means  of  liquefying  gases,  160 

generated  by  the  evaporation  of 

liquid  carbonic  acid,  lUl 
sensation  of,  dependent  upon  the 

conducting  power  of  matter,  162 

effect  of,  upon  magnetism,  305 

produced  by  voltaic  current,  669 

Colophony,  nature  of,  635 
Coloration  of  glass,  (»loriiic,  224 
Colour,  origin  of  {see  Colours),  180 

in  relation  to  temperature,  217 

lost  by  some  salts  together  with 

water,  371 

causes  of  vegetable,  637 

Coloured  photographs,  467 
Coloured  rings  of  Newton,  189 
Colouring  matter  of  vegetables,  636 
Colours,  solar,  180 

simple,  184 

fringes  of,  185 

in  nature  explained,  189 

complementary,  189 

'—  of  polarized  light,  199 

—  effect  of  the  peroxide  of  hydrogen 

on  vegetable,  354 
effect  of  chlorine  on  vegetable, 

373 
Columbinm,  symbol,  equivalent  and 

physical  characters  of,  426 
Gombioatioiu  of  matter,  proportions 

par  cent,  343 

definite  and  reciprocali  344 

Combnatibles,  313 

definition  of,  322 

Combnition,  heat  of,  101 

dependence  of,  upon  the  atmo- 
■p&era»SOO 

nature  of,  818 

■uppmiert  o(  392 

of  OAjgea  and  hydrogen,  323 

nature  of  flame,  800 

of  the  hjdro-aurbottii  860 


Combustion,  matter  of,  361 

without  inflammation,  362 

example  of  slow,  362  note 

spontaneous,  of  phosphorus,  406 

phlogistic  hypothesis  of,  422 

multiple    proportions    of   heat 

evolved  during,  451 

Comenic  acid,  626 

Common  salt,  form  of  crystal  of,  78 

effect  of  urea  upon  the  crys- 
tallization of,  80 

crystalline  character  of,  97 

used  for  obtaining  chlorine,372 

^-—  —  composition  of,  373 

Compass  needles  affected  by  lightning, 
293 

Complementary  tints,  189 

Composition,  heat  of,  130 

-1 fundamental  laws  of,  325 

by  current  affinity,  478 

Compound  bodies,  secondary  combi- 
nation of,  342 

Compressibility  defined,  54 

of  liquids,  54 

Compression  of  liquids,  54 

of  aeriform  bodies,  56 

relative  increase  of  elasticity  and 

cohesion  upon  the  compression  of 
a  body,  57 

Concurrence  of  forces,  440 

Concurring  affinities,  445  et  seq,,  495 

forces,  adjustment  of,  440 

Concussion,  effect  of,  upon  cold  solids, 
118 

Condensationof  atmospheric  vapour,!  52 

Condenser  of  electricity,  252 

Conducting  plates,  465 

relative  size  and  poeition  with 

respect  to  the  generatingplates^S  1 

spherical,  483 

cylindrical,  487 

Conducting  power  of  current  force,  469 

Conducting  wire,  illustrations  of  ener- 
getic actions  in  the,  465  et  Beq, 

heat  of,  465 

action    of,  on  the  magnetic 

needle,  466 

doubling    of    the    magnetic 

power  of,  iffJt  and  nat9 

.._. ...  law  of  its  force,  469 

relation  of,  to  iron  and  nickel, 

469 

action  of,  on  organization,  460 

effect  upon  the  magnetic  nee- 
dle, 561 

—  qnral  form  of,  M2 

magnetic  force  of,  aetiBg  bgr 

induction,  508 

idf  induction  of,  508 
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Condaction    of    carrent    affinity    by 
liquids,  492 

of  electricity,  234 

table  of  electrical,  235 

electrical  discharge  by,  267 

Condaction  of  heat,  120  et  seg. 

in  relation  to  density,  121 

by  solids,  121 

to  be  observed  in  the  purchase 

of  gems,  121 
—  —  illustrated    by  common  con- 
trivances, 122 

by  liquids,  122 

in  relation  to  cohesion,  122 

by  aeriform  bodies,  123 

by  vapours,  124 

advantages  taken  of,  in  the 

arts,  124 

by  gaseous  matter,  162 

Conductor  of   electricity,    section  of 

the  liquid,  489 
Conductors    and    non-conductors    of 

electricity,  234 

table  of  electrical,  235 

definition  of  electrical,  268 

Conductors    of  heat    compared  with 

conductors  of  electricity,  548 
Congealing  points  of  various  bodies,  137 
Congelation,  a  heating  process,  138 
Connexion  of  the  sciences,  694 
Consciousness  of  force,  10 
of  the  continued  efforts  of  forces, 

12 
Constant  battery,  contrived  by  Profes- 
sor Daniel^  604  et  teq, 
general  arrangement  of,  605 

note 
one  cell  of,  represented,  505 

note 
effect  of  heat  on  the  power  of, 

606 
Constitutional  water,  439 
Contraction  of  mercury  at  the  time  of 

congelation,  58 
■        —  by  cold,  exception  to  the  law 

o^  118 
— ^  —  effect  of  concussion  upon,  1 18 
Contrary  affinity,  assumption  of,  509 
method  of  determining  the 

value  of,  509 

proof  of,  510 

Convection  of  heat,  125 

by  liquids,  125 

by  aeriform  bodies,  126 

applied  in  the  arts,  126 

illustrated  by  the  trade  winds, 

128 
illustrated  by  the  Gulf  stream, 

1211 


Convection  of  heat  downwwds,  190 
Convective  currents  of  eleetridtj,  280 

dischai^  of  electricity,  279 

Cooling,  law  of,  by  radiatioo  of  heat, 

216 
Copper,  action  of  nitric  add  upon,  19 

crystalline  character  of,  97 

linear  expansion  of,  by  best,  103 

mean  dilatation  of,  by  hett,  \\i 

progressive  dilatation  of,  1 16 

conduction  of  heat  by,  121 

specific  heat  of,  133 

■         congealing  point  of,  137 

radiation  of  heat  by,  212 

electrical  conduction  by,  S68 

symbol,  equivalent,  and  phjncd 

properties  of,  426 

solution  of,  in  zinc,  427 

alloy  of,  with  zinc,  427 

uitruret  of,  431 

nitrates  of,  439 

sulphate  of,  439 

sheathing  of  ships,  oorrosioD  v^^ 

prevented,  482 

oxysulphion  of,  535 

electrical  conduction  by,  549 

quality  of  precipitated,  554 

ferrocyanide  of,  658 

Cork,  acid  ^m,  618 

Corrosion  of  copper  in  salt  water  pre- 
vented, 482 

Corundrum,  characters  of,  441 

Cotton-wool,  conduction  of  heat  bj, 
125 

Coulomb,  M.,  torsion •dectrometer 
by,  238na<e 

electrical  proof  plane  of,  242 

measurement  of  magnetic  intcD* 

sity  by,  303 

Cowronne  dee  taeeee,  502  note 
Cream,  mixture  used  to  freeze,  136 
Creosote,  means  of  obtaining,  675 

formula  and  properties,  675 

Crown  glass,  linear  expansion  of,  hj 

heat,  103 
Crucial  experiment,  S87 
CauiCKSHANK,  Ma.,  improvement  in 

the  voltaic  pile  by,  60S  neie 
Cryophorus  of  I>r.  Wollaston,  141  and 

note 
Crysotype,  art  of,  459 
Crystalline  structure,  effect  of^  upon 

thermo-electric  phenomena,  556 

symmetry,  law  of,  96 

Crystallization,  67,  ^S  ei  sef. 

of  water,  58 

bismuth,  68 

sulphur,  58 

illustrations  of,  78 


INDEX. 


7-27 


Crystallization,  effect  of  foreign  bodies 

upon,  79 

facilitated  by  nuclei,  79 

produced  by  agitation,  79 

systems  of,  97 

light  observed  during,  166 

as  a  source  of  electricity,  286 

water  of,  367,  439 

— ^  influence  of  light  on,  452 
Crystallized  bodies,  refraction  of  light 

by,  192 
CrystaJlographic  systems,  96  et  seq. 
Crystallography,  science  of,  81 
Crystals,  lai^ness  and  regularity  of,  78 
^—  artificial,  76 
^—  nuclei  of,  79 
^—  spontaneous    growth    of    large 

crystals  at  the  expense  of  small,  80 

■  to  increase  tlie  size  of,  80 

principal  primitive  forms  of,  81 

incompleteness  of,  81 

a  solid  angle  of,  defined,  81 

cause  of  secondary  forms  of,  82 

replacement  of  edges  of,  82 

truncation  of  angles  of,  82 

internal  structure  of,  84 

cleavage  of,  84 

dissection  of,  84 

by  the  solvent  action  of  water,  86 

by  means  of  heat,  87 

hypotliesis  concerning,  89 

decrement  of  the  particles  of,  90 

interstitial  vacuities  in,  02 

unequal  exiiansion  of,  94 

irregular  contraction  of,  94 

axes  of  symmetry  of,  95 

■  uniaxal,  06 

physical  diameters  of,  97 

^—^  expansion  of,  in  unequal  direc- 
tions, 97 

single  refractive,  97 

— ^  double  refractive,  97 

spontaneous  change  in  the  inter- 
nal structure  of,  98 

dimorphism  of,  98 

optic  axes  of,  193 

negative  and  positive,  194 

repulsive  and  attractive,  194 

electrical,  286 

relation  oi  water  to,  439 

change  of  angles  with  tempera- 
tore,  682 

Cnbe^  fignre  of,  81 

fSarmed  of  spherical  particles,  03 

— — Kseio^Qe 

CuUiittry  ialt»  oompoeition  of,  373 

**  randue  firom  the  mannftcture 

ef,a84 

Cnamiiiy  oil  o(  834 


Curdof  milk,  619 

Current  affinity,  462  et  seq. 

mechanical  illustration  of,  463 

resistance  to,  465 

^  conducting  power  of,  469 

law  of  resistances,  469 

transfer  of  elements  by,  471 

et  teq, 

mechanical  illustration  of  the 

convective  power  of,  472 

simultaneous  phenomena  of, 

472 

caution  with  respect  to  the 

term,  472 

measurement  of,  472 

• checked  by  an  opposing  affi- 
nity, 473  et  seq. 

limited  by  the  laws  of  definite 

and  equivalent  proportions,  475 

essi-ntial  conditions  of,  477 

composition   and   decomposi- 
tion by,  478  et  seq, 

relative  size  and  position  of 

the  conducting  and   generating 
plates,  481 

— ^-  —  influence  of  surface,  482 

spread  and  direction  of  the 

force  of,  482 

in  spherical  plates,  483 

compared  with  radiant  forces, 

486 

in  cylindrical  plates,  487 

mathematical  calcidation  of, 

487  €t  seq, 

interior  and  exterior  resist- 
ances to,  488 

—  liquid  conduction  of,  492 

neutralization  of,  by  opposing 

affinities,  492 

metallic  resistance  to,  494 

cliemical  resistance  to,  494 

obstruction  of,  497 

measured    by    its    chemical 

effects,  500 

—  —  mathematical    calculation   of 
the  phenomena  of,  507 

^.-i  —  illustrated  by  Ohm's  formula, 
507 

^-  in  relation  to  chemical  affinity, 

532 

Current  electricity,  in  relation  to  mag- 
netic action,  570 

Currents  of  air  ezpltuned,  197 

of  the  ocean,  189 

Cyanate  of  potaany  formatioii  of^  380 

Qyanic  add,  method  of  obtaining^  369 

—  proDCTtiee  of,  300 

amayib  of,  SOB 

C^jranida  of  potaMinm,  foniiAtioii  of,  368 


DnM-kfdimte    of 

l>e«o-aitimie  of  m€icmj>,  434 
r«    IXeto  itphict  of 

a^4«9 

conpoaiiioa,  4ttl 

I>nito^d^iirettcd  kjpdrof^en,  9Btt 
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Deutoxide  of  mercury,  action  of  hydro- 
chloric acid  on,  377 
^—  —  used  in  obtaining  hypo-chlor- 

ons  acid,  378 
Deutoxide  of  nitrogen,  discovery  of, 
332 

properties  of,  332 

composition  of,  by  volume,  333 

'         —  decomposition  by  charcoal,  333 
equivalent  of,  on  the  hydro- 
gen scale,  350 
T>eutoxidcs,  definition  of,  33«'> 
Dextrin,  source  and  formula  of,  615 

etymology  of,  did 

Dew,  artificial  deposition  of,  152 

effect  of  mist  upon  the  formation 

of,  215 

theor}'  of,  216 

Dew-point,  method  of  obtaining  the,  152 

value  of,  154 

Diabetic  sugar,  formula  of,  615 
Diamond,  liardness  of,  53 

form  of  tlic  crystal  of,  70 
cleavage  of,  84 
conduction  of  heat  by,  121 
refraction  of  light  by,  177 

polariasation  of  light  by,  190 

chemical  constitution  of,  317 

phosphorescence  of,  460 

Diaphanous  bodies,  in  relation  to  light, 

171 
compared  with  diathermous, 

220 
Diastase,  mode  of  preparing,  642 

properties  of,  643 

action  upon  starch,  643 

Diathermancy,  219  et  »eq, 

table  of,  222 

in  relation  to  the  refrongibility 

of  tlie  ray,  222 
Diathermous    bodies    compared  witli 

diaphanous,  220 
Dielectric  bodies  defined,  235 
Dielectrics,  257 

specific  inductive  capacity  of,  265 

convective   currents   shewn    by 

liquid,  280 

effect  of  heat  upon,  548 

Differential  indnotometer,  265 

thennometer  of  Leslie,  105 

Difiraction  of  light,  185 
Dilliiiioii  of  gases,  74  9t  teq^ 

law  <  75 

of  light,  175 

DilliHioii-tDbe  of  Professor  Graham 

deMsribed9  75 
DilatiAn  of  water  at  the  time  of  freei- 

im^58 

114 


Dilation  of  metals,  provision  for,  in 

works  of  art,  117 
Dimorphism  of  crystals,  98 
relation  of,  to  the  atomic  theory, 

693 
Dimorphous  bodies,  98 
Dinoxide  of  lead,  429 
Dipping-needle,  301  note 
Direction  of  forces,  466 
Directive  needle,  301 
Discharge    of  electricity,   modes   of, 

267 
Dispersion  of  light,  182 
Disruptive  dischaige  of  electricity,  270 

et  $eq. 
Dissected  battery,  496 

effects  of  retarding  cells,  498 

representation  of  a  single  cell, 

498  note 

arrangement  of  the  ten  cells, 

499  note 

addition  of  a  voltameter  to, 

500 

inconstant  action  of,  601 

Dissection  of  crystals,  84 

of  metals,  88 

Distillation,  definition  of,  78 

-  of  oil  of  vitriol,  danger  of,  139 
Divisibility  of  matter,  9 
DoLLOKD,  the  achromatic  lenses  of, 

182 
Dolphin,  acid  from  the  fat  of,  618 
Double  chlorides,  373,  429 
— -  decomposition,  example  of,  347 

diaphragm  cell,  533 

elective  affinity,  347,  348 

refraction  of  light,  192 

salts,  constitution  of,  439 

sulphate  of  potash  and  copper, 

irregular  contraction  of,  94 
sulphurets,  430 

weighing,  25 

DxEBEL,  Cornelius,  invention  of  the 
thermometer  by,  104 

Drummond,  Lieutenant,  signal 
light  by,  219 

Du  Fat,  M.,  electrical  hypothesis  of, 
232 

Ductility,  definition  of,  54 

of  the  metals,  423 

DuLONo  and  Petit,  MM.,  on  expan- 
sion of  solids,  114 

—  —  —  discoveiy  of  the  law 

of  specific  heat  by,  133 

—'  —  —  —  on  the  relaticm  of  spe- 
cific heat  with  alomio  weight, 
685 

Du  MAS,  M.y  theory  of  types  by,  642  noie 

Dyes,  637  €i  weq. 


'  m  of  obttiBing,  wad  tcr- 

ik  «r,  ci; 


formaU  of,  6l( 

riMrif  Shh)^  coDTvctioD  of  beU  bj, 
ElMlxitT  of  malter,  13 


oppmed  by  weigtit,  1! 

•cting  agwiut  coheaioii,  17 

■■  a  meaaiire  of  the  variaticna  at   • 

gravity,  26 

of  matter,  39 

erf' air,  30 

ofaolida,M 

offliudB,SI 

nlatire  degrees  of^  S3 

of  steam,  in  rdatioD  to  tlie  ieu-    ■ 

BIT  o^  146 

•^ —  ioflaence  ^,  opoo  affiiuty,  446 
BediTe  affinitT,  3M 

caw  gf  dooWe,  347 

case  of  pore,  450 


Bectiicalai 


77 


2M 


SI7 


I  compared  with  Toltaic,    - 


amalgam,  £40  , 

attnctioD  and  repnkko,  SM         ) 

coune  of,  S&3  ( 

laws  of,  283,  H  tf.  fi 

weigtui^  0^  283  i fl 

balaDce  by  HAaais,  2*3  fl 

battery,  9«0  j fi 

bnohes,  nature  of  the  discharge    g 

rf,  *;o  - — -  h 

dia(^,qii*ntityofeatimated,S68  '  i) 

iateosity  of,  estimated,  800       | 

of  Leyden  jar,  863  U 

ciiTuil,  Dr.  Fandsy**  defioiliai , 

of,  Ul  I - 
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Electrical  iDdaction,  thickness  of  the 
insulating  media^  251 

experimental  proofs  of  Dr. 

Faraday's  theory  of,  266 

through  resinous  bodies,  267 

specific,  264 

inductive  capacity  of  bo- 
dies, 2G6 

lateral,  from  wire,  269 

illustrated  by  GkUvani's  frog, 

470 

compal^d  with  magnetic,  296 

et  aeq. 

exhibited  by  the  water-bat- 
tery, 617 

insulation,  236  et  §eq, 

^  media  of,  261 

—  relation  of,  to  conduction,  267 

insulators,  most  perfect,  2C8 

intensity;  law  of,  242 

effect  of  the  form  of  the  con- 
ductor upon,  243 

kite,  288 

light,  238,  281  ei  Mtq, 

lightning  conductors,  291 

machine,  conditions  of,  239 

the  cylinder,  239 

insulated  conductor  of,  239 

Mr.  Snow  Harris's,  239  note 

the  rubber  of,  240 

prime  conductor  of,  240 

metallic  amalgam  for,  240 

the  plate,  240  noto,  et  teq, 

—  current    of,   compared  with 

the  voltaic,  664 

Electrical  oi^gan  of  the  gymnotut  eleo 
fruriM,  600 

phenomena  in  the  steam  engine, 

287 

polar  state,  244 

radiation,  282 

ray,  695 

re-charge,  266 

repulsion,  cause  of,  250,  262 

rendnal  charge,  266 

shock,  269 

•oond  of  the  brush  discharge,  276 

■oimdi,  cause  of,  289 

spark,  iostantaneity  of  the,  372 

—  from  a  magnet,  683 

^pecMe  ininilatipg  power,  274 

■tar,  877  f^ote 

•tetiflty  laws  o^  830  «l  af^. 

tmrnknUf  Iswa  of  the  hBorease  of, 

Si7 

vdljv»8ttM<f 

wihdtar  too  rtpid  to  IwB,  874 
jprlMqplH  0^  888  ft  liy. 


Electricity,  sources  of,  229 

latent  human  power  in,  229 

in  relation  to  gravity,  229 

developed  by  friction,  230   1 

vitreous  and  resinous,  231 

hypotheses  of,  232 

negative  and  positive,  232 

conduction  of,  234 

insulation  of,  234 

table  of  conductors  and  insula- 
tors, 236 

measurement  of  the  intensity  of, 

237 

effect  of  the  surface  of  bodies 

upon  the  nature  of,  238 

apparatus  for,  239  et  teq. 

law  of  its  intensity,  242 

law  of  quantity,  242 

distribution  of  charge,  242 

induction  of,  244 

reason  of  its  superficial  distribu- 
tion, 248 

an  insulated  cubic  room  cliai^ged 

with,  249 

force  of,  illustrated  by  an  elastic 

spring,  261 

measurement  of  quantity,  258 

means  of  accumulating,  259 

Leyden  jar,  269 

measurement   of   intensity,  260 

et  teq. 

free  chaige  of,  262 

unit  jar,  262  note 

re-charge  of,  266 

discharge  of,  267 

residual  charge  of,  267 

resistance,  of  metals  to,  269 

disruptive  dischai^  of,  270 

lateral  discharge  of,  270 

metallic  wire  melted  by,  270 

disruptive  dischai^  in  water,  272 

discharge  from  bad  conductors, 

272 

velocity  of.  273 

brush  discharge  of,  276 

specific  insulating  power  over,  274 

velocity  of,  mo^ed  by  media, 

274 

sound  of  the  brash  dischaige, 

276 

nitrogen  in  relation  to,  376 

glow  dischaige  of,  877 

—  dischai^  of,  by  oo&feclioii,  879 

—  oonvective  disdiaige  o(  879 
convective  eamnli  of,  880 

light  of,  881  «<  Mf 

— ^  aotkm  of  poinli^  881 
hert  o(  881  cf  Mf. 
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Electricity,  km  of  ita  attraction,  363  | 

weij,'liiDg  of  the  attraction  of,  283 

■onn:ea  of,  as&  j 

developed  by  heat,  38» 

devebped  from  the  tounnaline,  | 

385 

•  develop^  by  pressure,  285 

developed  by  evaporation,  28G 

developed  by  freezing,  8811  I 

developed  fram  boracite,  286 

developed  by  cryBtallization,  28(t  . 

natural  phenomena  of,  287 

crucial  expcrimccil,  2S7  I 

of  the  iteam  eiipnc,  287     '  ' 

obtained  from  clrmds,  287 

obtuiued  by  tlic  kite,  288 

cause  of  the  FounaB  of,  280 

lightning  cunductora,  291 

atmospheric.  393 

aurora  borealis,  282 

mariner's  compiuis  disturbed  by, 

203 

relation  of,  Ui  magnetiHrn,  293 

comiKwilion   of   water  displayed 

by,  323 
identified    irith    tlie   circnlating 

affinity  of  the  voltaic  jule,  SIG 

■ liquid  conductiou  of,  52C 

of  friction,  decomposition  by,  M3 

quantity  required    for  chemical 

decomposition,  MS 

thermo-electricity,  664 

effects  of,  when  in  motion  and  at 

reat,6el 

animal,  S06,  tt  $tq. 

apeciliCiaST 

Electrics  and  non-electtic^  S3C 
Electrified  beU-jar,  864 
Electro-chemical  aeUon,  primary  and 

secondary  decompontioa  by,  639 
^^  decompocition  in  relation  to  the 

force  of  chemical  aotiaai  631 

nomaielattiTe,  6» 

Elaotrode*  of  tiie  voltaie  batlaiT,  5S1 


Electrolyse  engine,  Ml 

Kteclro- magnet,  Sfia 

sources  of  itd  eniT',;y,  b", 

effect  of  increaiting  the  ojila 

of  wire  upon  resistoDce,  S77 

Electro-magnetic  clock,  581 

— currents  aclinfr  through  prti 

lengths  of  wire,  576 

engine,  fl7S 

force,  S74 

heliceft,  663 

induction,  542 

power,  source  of,  SW 

rotation,  567 

I tetegmpli,  S76 

telcftraph,  Professor  >^1inl- 

I  stone's  battery  for,  577 

I telegruph,  printing  action  «f. 

I  680 

I  Klectm-magnetlsm,  560  et  wf. 

I convcTBe  of,  6ftl 

Electrometers,  237 

I M.  CouLOMs's  torsion,  KW  aM 

I Heklkt'b  quadrant,  260 Hslf 

Klectro^notive   force  and  reustaac^ 
I  489 

:  Electrophonts,  263  el  t^ 

I  the  sliell-lac,  235  mw 

I  Electro-thermaDcy,  ftW  tt  *rf. 

Element,  improper  definition  of,  3U 
Elementary  voltaic  battajr,  4>IC 
I  Elements, artificial combiMlioBaCStt 

I signs  for  comhinationa  af,  353 

'  non-meUllie,  3Ti 
-  timniferof,byeiirTcntafiaily,47l 
■  direction  which  thej  taka  u  Ike 
voltaic  ci —   "  ■   "~" 


Elemi,  oil  of,  634 

Ellsgic  acid,  hydmtod,  AH 

Elm,  strength  of,  47 


Ekctro^ynanuc  cylindCT,  VJt 
~— nfBhip^MB 
BUctroIyiR^  dafinitidn  «(  636 

tewi  tt^tMtttm. 

loTfiqaldltrbSOA 

_^ ^«l<SU 

BUctnihrta^  aaoda  fl4  an 

ddUli««r,«a5 

WdatCHI 

BwlraljtiB  aqdvalHta,  Hi 
■ *~T1[  ^pillllMlllIM  sT,  ue 
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Equivalents,  table  of  chemical,  S50  ^ 
of  gases  deienuined  fW>m  their 

specific  gravities,  361 

electrolytic,  629 

calculation  of,  611 

Ergot  of  rye,  sugar  from,  616 
Erythrin,  source  and  formula  of,  640 
Essential  oils,  632 

table  of,  634 

sulphur  in,  634 

Ethal,  source  and  formula  of,  618 
Ethalic  acid,  source  and  formula,  618 
Ether,  compressibility  of,  55 

specific  heat  of,  133 

boiling  point  of,  139 

boiling  of,  in  vacuo,  140 

latent  heat  of  the  vapour  of,  145 

volume  of  the  vapour  of,  164 

hypothetical,  168 

refi-action  of  light  by  the  vi^ur 

of,  178 

refraction  of  light  by,  178 

means  of  obtaining,  646 

properties  and  constitution  of,  646 

ei  teq. 

the  radicle  hydrocarbon  of,  647 

neutral  products  of,  with  acids, 

650 

muriatic,  650 

nitrous,  650 

acetic,  650 

methylic,  655 

undulations  of  the  celestial,  168 

Etherification,  646  et  teq* 
Etherine,  nature  of,  647 
EUierol,  649 
Ethule,  nature  of,  647 

compounds  of,  648 

chloride  of,  660 

hypo-nitrite  of,  650 

^—'  acetate  of,  660 

oxalate  of,  651 

Etiolation,  nature  of,  460 
Eudiometer,  described,  328 
Evaporatikm,  77*  148  et  teq 

—  of  iea-water,  149 
imte  of,  160 

— ->  in  a  perfectly  dry  air,  150 
■         efibct  of  wind  upon,  160 

—  elfoct  of  the  pressure   of  the 
stmoq;iiieire  upon,  151 

^—  ooiiv«etive  power  of  the  air  upon, 
Ul 
cbonklioaofhMiiby,  166 

168 
'^lifriA  Mta^  Mid,  im 
^Mtoidi^  «xdtod  hgr»  3M 
wmh  arfwtiwi  <  n  i^Kf. 


Exosmose,  in  gases,  74 
Expansion  of  crystals  in  unequal  direc- 
tions, 97 

equal  amounts  of,  equivalent 

to  equal  increments  of  tempera- 
ture, 110 

force  of,  117 

by  heat,  of  solids  and  liquids,  118 

Experience,  the  foundation  of  natural 
knowledge,  1 

active  and  passive,  2 

deduced  from  experiment,  2 

Experiment,  use  of,  to  science,  1 
Exsiccation  in  the  air  pump,  141 
Extension,  measurement  of,  6 
Eye,  retention  of  visual  impressions 
by,  167 

Facts  and  ideas,  3 

'—  connexion  of,  with  ideas,  4 

of  theories,  5 

Fahrenheit's  thermometer,  107 

advantages  of  108 

Fahadat,  Dr.,  compression  of  gaaes 

by,  57 

on  evaporation  from  mercury,  148 

liquefaction    of  gases    by,    160 

et  teq. 

on  electrical  induction,  245 

insulated  room  of,  249 

experimental  test  of  his  theory 

of  electrical  induction,  266 
specific  electric  induction  esta- 
blished by,  264 

differential  inductometer  of,  266 

definition  of  the  electric  circuit 

by,  521 
proves  that  the  contact  of  dissi- 
milar metals  is  not  necessary  to 

the  voltaic  circuit,  523 
on  the  action  of  the  single  wire 

upon  the  magnetic   needle,  666 

et  seq. 
magneto-electricity,  founded  by, 

581 
experiments    on    the   gymnottu 

electrictu  by,  697 
examination  of  the  hydrocarbons 

by,  676 
Fats,  616,  et  eeq. 

Feathers,  electrical  excitation  by,  238 
Fold  spar,  63 

crystalline  charaoteni  of,  97 

Ferment,  inoigaaio  partlM  o^  646 

Fermentation,  aoetio,  861 

ohemioaly  irila],  and  wchrnkml 

hyimllwMt  ot  MB 
laalio^M4 


FertnenUtion,  a 


a,  MS 


no,  043 


Ferridcyaiiic  »cid,  M9 
Feiridcj^iudc  of  chlorine,  CSS 

le«d,S60 

potassiuni,  058 

FerridcyBnides,  059 
Ferridcyanogcn,   G5B 
Fertocyanic  acid,  G5B 
FeiTOcyftnide  of  copper,  fiiB 

lead,  658 

pataawum,   crystallioe  diameter 

of,  97 

loiirre  of,  3(r9 

manufacture,     fonnuU,     and 

propertiea.  Oft? 
Ferro-cyanidee,  means  of   obtajning, 

OSS 
FeiTo-cyanogen,  electrolysis  of,  B58 
Fibrin,  nature  and  properties  of,  019 

obtained  from  blood,  619 

v^^Ublc,  019 

ultimate  analysis  of,  (!30 

formnln  of,  621 

FibrauB   metals,    eifect    of    vibration 

upon,  89 
Filtration,  action  of,  &4 
Flro,  an  action,  not  an  element,  313 

chemical  definitioQ  of,  300 

Fire-balloon,  invention  and  principle 

of,  127 
FireHlamp,  nature  of,  300 
Fish,  electric,  BBS 
FUed  oils,  016 

destructive  distillation  of,  675 

Flame,  360  ti  tq. 

direction  of,  126 

canac  of  the  form  of,  126 

pMaage   of   an    electric    charge 


Flowers  of  anlphnr,  394 
Fluids,  clastic,  30 

preesiiro  of,  48  note 

gravitation  of,  48 

convection  of  heat  by,  IJ6 

circulation  of,  126 

Flnor-spar,  liardness  of,  53 

form  of  crystals  of,  0 1 

digM?clion  of,  S5 

crystalline  character  of,  97 

Bourf  e  of  fluorine,  392 

uses  of,  39J 

pbosphorescence  of,  460 

Fluoride  of  boron,  formation  and  pm- 


pertie. 


f.  418 


Uiroosn,  1 
dUturbed 


■h,874 


SSIh 


I  electric  point, 


^ip««ntH!e  of,  in  oxygen  gai^  3! 

ctienuoal  definition  of,  SflO 

amount  of  light  from,  301 

canse  of  fbnn  of,  361 

- —  Mctions  of,  S61  mU 

effect  of  ft  blow-pipa  on,  sn 

IiMti/,S6> 

^-^  not  (awiiillal  to  comboal 
— —  afftet  of  eoi^ng  the  c 


«  (t.  4U 

tUra  0^414 
nooBdw,  pbnlMtiga  tt»,  471 
Jlowi^^nmMteyrfwrt»hpMtefl< 


,  fomuition  of,  3»3 

potaanum,  formation  of,  391 

silicon,  formation,  propertira,  sad 

composition  of,  416 
Fluorine,  mraoB  of  obtaining,  391 

propertiea  of,  393 

i-ombination  with  boron,  4tB 

path  of,  in  the  voltaic  cactvnt,SIt 

Flnoailicic  acid,  418 

FoKBEB,  FaoFi.aaoB,  on  the  polaiiia- 

tion  of  heat,  238 
Force,  notion  of,  10 

origin  of  the  idea  of,  10 

definition  of,  11 

ini<chanical  1 1 

— ~  muscular,  1 1 

of  pressure,  1 1 

moaeDtntn  trf^  It 

resistance  neocMMj  l«  the  n- 

ortion  of,  13 
time,  an  imporlaut  iiliwinl  im, 

16 

of  chemical  afEnitj,  IB 

accomulation    o^   ftoa   Biaili 

impnlses,  4S 


»ltftlM«ih^flih4l 

of  beterogoaeoaa  adhMlo^H 

of  friction,  M 

of  dwttTe  attnetkn,  77 

couirtMiw  of  tha  knoAafa  tf 

■pharioaland  mUnIm  antat 
Ibu atotHh  with  dM  lvn<M 

oToxpanMD  bf  hmA,  117 

dreohtMa  g^  4C1 

electmBstn%4l^an 


^■.—  Oleclro-niagnMloi  BJ7 

catalytic,  (US 

Fanei  of  matter,  6 

in  sqnilibrio,  t 
baUnoeof,  t~ 
of  attnctliHi,  li 
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Forces  of  repulsion,  13 

curious  question  concerning,  13 

molecular,  15 

polar,  16 

internal,  16 

external,  15 

action  common  to  all  central,  22 

of  homogeneous  attraction   and 

repulsion,  46 
analysis  of,  in  capillary  attraction, 

61 
general  theory  of  all  attractive 

and  repulsive,  233 
— —  concurrence  of,  440 

direction  of,  46is 

tangential  direction  of,  570 

Formiates,  625 

Formic  acid,  source,  properties   and 

formula  of,  625 

hydrated,  626 

produced  from  pyroxy lie  spirit, 

666 
Formule,  hypothetical  radicle  of,  656 
Fossil  fuel,  formation  of,  676 
FRAysLiw,  Ben  J  A  MI  K,  electrical  hy- 
pothesis of,  232 
identification  of  lightning  and 

electricity  by,  287 
lightning  conductor  suggested 

by,  291 

—  on  animal  electricity,  602 


Frojrinus  ornut,  mannite  from,  615 
Free  charge  in  electricity,  262 
Freezing,  the  discovery  of  the  heat  lost 

by,  135 

in  vacuo,  140 

-^—  electricity  developed  by,  286 
Freesing  mixtures,  136 
Freezing-point,  method  of  obtaining, 

106 
Friction  of  glass,  effect  of,  14 
of  amber,  effect  of,  14 

—  conditions  of,  47 
laws  of,  60 

substances  that  diminish,  60 
as  a  source  of  heat,  09 
combustion  from,  100 
as  a  source  of  light,  166 
electrical  phenomena  induced  by, 
232 

^miliar  instances  of  electrical 
excitation  by,  838 

—  deoomposition  by  the  electricity 
of;  643 

Fringes  oflighty  186 
Vrofg  grimusatioii  of  the>  470 
Fhuti^  woffst  of,  616 
JVihnfaiiting  powder,  370 
Fuhnhiic  eckl,  method  of  obtuning, 
370 


Fulminic  acid,  composition  of,  370 

formula  of,  370 

Fumaria  qfficinalUf  acid  from,  626 
Fumaric  acid,  hydratod,  626 
Fur,  conduction  of  heat  by,  125 
Furnace,  highest  heat  of  a  wind,  114 
Fusing  points  of  metals,  137 
FusiNiERT,  M.,  on  the  electric  spark, 

271 
Fusion,    amount    of    heat   absorbed 

during,  137 
by  the  electrical  flame,  560 

Cralena,  see  Sulphurct  of  Lead 

Gam  LEO,  his  discovery  of  the  weight 

of  air,  30 
Gall-nut,  action  of,  upon  solution  of 

green  vitriol,  9 
Gallic  acid,  hydrated,  626 
Gallon,  grains  in  a  gallon  of  water,  9 

capacity  of  the  imperial,  24 

Gal  VAN  I,  first  facts  of  galvanism  by, 

470 
Galvanic    circuit,    induction    in    the 

single,  522 
Galvanism,  470  et  eeq. 
Galvanometer,  467  et  seq, 

Dr.  Ritchie's  torsion,  468  note 

Gas,  definition  of,  163 

boiling  of,  163 

equivalents  of,  determined'  from 

the  S|)ecific  gravities  of,  351 
Gas-engine,  error  in  the  idea  of,  161 
Graseous  compounds,  specific  gravity 

of,  found  from  their  equivalents 

upon  the  hydrogen  scale,  351 
Gaseous    matter,   low    conduction  of 

heat  by,  162 
Gases,  collection  of,  33 

table,  for  collecting,  33  note 

water-bath  for,  34  note 

correction  of,  for  pressure,  37 

measurement  of,  38 

mercurial  bath  for,  38  note 

compressibility  of,  57 

distinguished  from  vapours,  57 

adhesion  of,  64  et  seq. 

solution  of,  70 

solution  of,  in  liquids,  70 

action  of,  upon  vapours,  71 

diffimion  of,  74 

endosmose  and  exosmosc  in,  74 

law  of  the  diffusion  of,  76 

diffusion-tube  for,  7* 

to  separate  vapours  from,  78 

to  separate  mixed,  78 

increasing  dilatataon  o^  by  heat, 

116 
oorrection  of,  ibr  moistiive,  160 

«lMf. 


73tJ  IXUl 

UiLse*,  relation  of,  to  vapoun,  160 

liquefaction  of,  IM  tt  itq. 

liqaefaction   of,   by  hPteragene- 

ous  adheiiun,  IG3 

table  of  tlic  liquefaction  of,  163 

refractioQ  of  VigM.  hy,  178 

clectric&l  powers  of,  867 

specific    imulating   power    over 

electricity',  274 
law  of  definito  and  multiple  pro- 
portions in  relation  to,  332 

light  from    the   combtution  of, 

360  el  leq. 

apparatus  to  saturate  water  with 

thb  more  soluble,  37^  >u>'e 

Ganges  for  measuring  the  rarefaction 
of  air,  39  note 

Gelatin,  sourco,  properties,  and  for- 
mula of,  631 

Generating  plates,  4n5 

relative  Riie  and  poMtion  with 

respect  to  the  conducting  plates, 
461 

ejiindrical,  467 

GiLBEBr,  Mr^  foundation  of  electri- 
cal science  laid  by,  399 
Gilding  hy  voltaic  electricity,  AAS 
(iSlacial  phospliuric  acid,  406 
Glass,  cohesion  of  the  surfaces  of,  16 

to  talie  the  specific  gravity  of,  37 

hardness  of,  A3 

elasticity  of,  63 

adhesion  of  air  to,  6S 

adhesion  of  the  vapour  of  water 

to,Bt 

solution  of,  in  water,  Oft 

expansion  of,  by  heat,  109 

mean  dihtation  of,  by  heat,  116 

conduction  of  beat  by,  121 

apecifio  heat  of,  I3S 

refiwstiTA  power  of,«Tw  light,177 

dtspenjon  of  light  by,  183 

power  of  nllerti^  light  in  pro- 
portion to  iu  tUcluMM,  IS) 

polariaatioa  of  light  bji  IM 

phenomann  prcaintoi  by  nnan- 

nMled,909 

tnamiiaian  of  heat  thnnigfa,  118 

■^^  diaUuTtnaney  of,  890 

nlarifiooabmUonor,994 

alactiual  powcn  of,  01 

.  dialMlrfcdtyaClU 


fMe  JaJatOn  wpadfr  o^  «W 

-^MdoG  of  hjin-»mano  mM  on. 
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Glautior  Baits,  tee  Sulphite  of  3odi 

cnstalline  cbar.u-ler  of,  B7 

Glow,  flt-ctric,  277 

Glow-wonn,  phosphorMcence  of,  4EI 

Glucinum,  synihol  and  equiiilnl  i 


Glut 


43(i 


f,  821 


Gluten,  means  of  ohtuoinE,  6lt 

product  of  boiling  in  alFuhol,  d 

Glycerin,  means  of  obtaining,  GIS 

properties  and  fonnala,  GIG 

source  ami  formula  of,  fill 

Gold,  cr^'stalline  dissection  of,  W 

oryatnlline  cliantcter  of.  BT 

liiisar  expausion  of,  by  hiat,  II 

progressive  dilatation  ot  H' 

condactton  of  licnt  by.  III 

specific  heat  of,  133 

eongcalintr  point  of,  137 

tnuumisaion  of  light  by,  17A 

radiation  of  h^t  by,  813 

electrical  condoction  by,  981 

malleability  of,  493 

symbol,  eqoivalmt,  and  fkpk 

properties  of,  436 

solubility  of,  in  uavnry,  437 

~  electrical  conduction  by,  HB 

reduction  of,  bj  light,  4AS 

Goniometer,  deacriptaaii  of,  B9  at* 

deacription  c^  tha  tt^aeStg, 


Grape  rnigar,  fimnnln  d,  «S 

orgnniendideal^ffll 

Graphite,  oryatalDM  ftn  <  M 
Graviutiou  otwbpw  bj  riwhiiilj 


nc^ao 

—  action  a(  npon  th 

—  direction  of,  91 


-£lut 


—  Tnrintion  aa  lo  lalitnda,  SS 
-tliemeuniraaf  ihrflMcoaCt 

—  afl^ct  of  altitude  tqwa,  99 

wn  oxide  of  copnw,  diatiniiM 
of.  288 
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Green  vitriol,  divisibility  of,  9 

—  —  use  of,  in  the  formation  of 
sulphuric  acid,  397 

Grove,  Professor,  voltaic  battery 

of,  60ft 
Gulf  Stream,  cause  of,  129 
Gum,  formula  for,  613 
^—  source  of,  014 

produced  from  starch,  616 

Gum  arable,  source  and  formula  of,  615 
Gjfmnohu  eleetricut,  ft97 

electrolytic     and    magnetic 

effects  from,  598 

—  mode  oif  destroying  its  food, 

599 
Indian  mode  of  fishing  for, 

599 

electrical  organ  of,  600 

Gypsum,  hardness  of,  53 

HiEM ATOXTLiw,  sourco  and  proper- 
ties of,  639 

Hair-hygrometer,  67 

HAxrsTEEN,M.,  on  the  magnetic  poles 
of  the  earth,  301 

Hardness,  relation  to  density,  53 

determination  of,  53 

Hare,  De^  voltaic  beittery  by,  546 

Harris,  Mr.  Skow,  electrical  ma^ 
chine  by,  239  note 

■  cause  of  electrical  attraction 
shown  by,  253 

unit-jar  by,  260  ei  teg. 

—  on  specific  electric  induction,  265 
on  ^ectrical  insulating  power  of 
meta]s,268 

electrical  balance  by,  283  noie 
naval  lightning  conductor  by,  291 

HaSt,  M.,  cleavage  of  crystals  by,  84 
his  hypothesis  of  the  structure  of 

crystals,  89 
objections  to  his   hypothesis  of 

erystalline  forms,  91 
Hearing,  with  respect  to  musical  notes, 

44 
Heat  subservient  to  man,  2 

—  antagonist  to  cohesion,  17 
~^-  nature  of,  18 

*—  aotion  of,  upon  the  power  of  sol- 
vents, 70 

—  M  a  means  of  destroying  hetero- 
geneous adhesion,  77 

■  ■-  Mimes  of,  99 

'—'  from  friction,  unlimited  source  of, 
100 

—  ohemiBal,  101 

dectriaO^lOl 

phjMlosMf  101 

-^  capumlTe  power  of,  lOS  ei  aeq. 


Heat,  measured  by  the  expansion  of 
air,  105 

measured  by  the  expansion  of 

liquids,  106 

measured   by  the   expansion  of 

solids,  110 

progressive  dilatation  by,  114 

conduction  of,  120  ei  teg. 

equilibrium  of,  120 

equal  diflTusion  of,  120 

relative  velocities  of  its  conduc 

tion,  121 
— ^  tolerance  of,  by  man,  123 

circulation  of,  125 

•  convection  of,  125 

difference  of,  from  temperature, 

130 

of  composition,  130 

specific,  131 

disengaged  by  compression,  134 

latent,  135 

absorption  of,  by  liquefaction,  136 

fixing  of,  by  the  still,  138 

considered  apart  from  matter,  164 

■         radiation  of,  165 

—  causes  of  the  equilibrium  of,  1 65 

development  of  light  by,  166 

analogies  between  light  and,  208 

—  radiant,  208  et  eeg, 

reflection  of,  210 

absorption  of,  211, 217 

refraction  of,  218 

transmission  of,  through  various 

bodies,  219 

-— ^  the  most  intense  artificial,  219 

— ^  secondary  radiation  of,  219 

in  a  low  condition  of  intensity,21 9 

poUrization  of,  228 

evolved  by  electrical  conduction, 

268 

evolved  by  electricity,  270 

electrical,  281  et  eeg. 

-^—  electrical  effect  of,  upon  the  tour- 
maline, 286 

effect  of,  upon  magnetism,  304 

effect  of,  upon  chemical  combi- 
nations, 312 

efiect  of,   upon    the   action    of 

nitrous  add  upon  light,  336 

influence  of,  in  chemical  combi- 
nations, 342 

— ^  influence  of,  upon  afiinity,  450 

—  hypothetical  qualities  of,  480 

phosphoric  light  develq>ed  by,  460 

efiect  of,  on  the  voltaio  battery, 

506 
— *-efi«ct  of,  on  the  eondnotion  of 
voltaio  electiioitjj  547 

effect  otf  upon  dielectrici^  548 

S  B 
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Hydrogen,  diffadveness  of,  76 

specific  heat  of,  133 

refraction  of  light  by,  178 

specific   insulating    power    over 

electricity,  274 

obtained  from  water,  320 

properties  of,  321 

'—^'  detonating  mixture  with,  321 

musical  combustion  of,  321 

balloons  filled  with,  322 

combustion  of,  with  oxygen,  324 

products  of   combustion    of,    in 

atmospheric  air,  324 

means  of  union  with  oxygen,  327 

action    of,  upon    the  oxides   of 

nitrogen,  333 

combination  with  nitrogen,  339 

— ^  considered  as  the  standard  for  the 
expression  of  chemical  equiva- 
lents, 349 
'—  compounds  of,  with  oxygen,  364 
^—  liquid  peroxide  of,  355 

compounds  of,  with  carbon,  358 

sub-carbnrctted,  359 

■  light  and  heat  of  flame  of,  362 

■  compound  of,  with  cyanogen,  367 

combination  with  chlorine,  374 

combination  with  bromine,  386 

combination  with  iodine,  388 

— ->  combinations  with  sulphur,  394 

combination  with  selenium,  403 

-^^  combinations  with  pho6phoru8,4ll 
anoniuretted,  431 

affinity  of,  for  the  metals,  431 

considered  as  an  acidifying  ele- 
ment, 433 

—  combination  with  chlorine,  456 

hypothetical  relation  of,  to  metals, 

481 

course  of,  in  the  voltaic  circuit, 

481, 526 

oxynitrion  of,  539 

Hydrogen  scale,  table  of  equivalents 
on  the,  350 

Hydrogeniuni,  symbol  and  equivalent 
0^426 

Hydrometer,  description  of,  28 

HydnMtatical  paradox,  description  of, 
49  HOI* 

Hydmret  of  antimony^  431 

— -  anemic,  431 

—— benzole^  668 

Mlionleyartificial  foniiation  of,  669 

-*i"  tdlnrinmy  431 

Q7dnn«t%4Sl 

Hygrometer^  human  hair  m 

^— of  De  Suumre,  67  iMf» 
■'■™"  dueuflbed,  IftS  H  $tgm 
tbe  tfM  bolbb  156 


Hygrometric  scale,  154 
Hygroscopes,  66,  151  et  seq. 
Hypo-acids,  definition  of,  338 
HypoK;hlorous  acid,  properties  of,  378 

analysis  of,  379 

-—  mixture  with  hydrogen,  379 

Hypo-nitrite  of  ethule,  650 
Hyponitrous  acid,  discovery  of,  337 
Uypo-phosphorous  acid,  formula  of,  407 
Hypo-sulphate  of  baryta,  formation  of, 

399 
Hypo-sulphites,  character  of,  399 
—  use  of,  in  photography,  454 
Hypo-sulphuric  acid,  formation  of,  399 
HypoH3ulphurousacid,formation  of,399 

.  —  properties  of,  399 

composition  of,  400 

Hypotheses,  formation  of,  4 

use  of  analogy  in  forming,  5 

legitimate  use  of,  6 

use  of  false,  35 

practical  lesson  upon  the  use  of, 

208, 

Ice,  specific  gravity  of,  34 

crysfalline  cliarocters  of,  97 

refraction  of  light  by,  178 

coloured  rings  produced  by,  201 

diathermancy  of,  222 

Iceland  spar,  refraction  of  light  by,  192 

polarization  of  light  by,  199 

diathermancy  of,  222 

Ideas,  innate,  1,  note 

necessary  to  facts,  4 

Idocrase,  crystalline  character  of,  97 

Illumination,8ource8of^  compared,  172 

Indelible  ink,  453 

Indian  rubber,  636 

Indigo,  refrangibility  of  the  colour,  181 

as  a  test  for  chlorine,  373 

sources  and  properties,  637 

decomposition  of,  638 

formula  of  tho  vapour  of,  638 

metallic  lustre  of,  638 

Indigoferay  dye  from  the  genus,  637 
Induced  electricity,  244 
Inducteous,  definition  of,  244 
Induction,  electrical,  244 

electro-magnetic,  562,  590 

magnetic,  295 

magneto-electric,  583 

mental  process  of,  4 

Tolta-electric,  582 

Inductive  magnetic  power  of  the  earth, 
585 

reasoning.  4 

Inertia,  definition  of,  0 

TnflamniaiiiA  BafastMioeiy  Tefinotion  of 

light  \gj,  177 
!  8  B  2 
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I^uitanum,  426 

Latent  heat,  130,  135  et  teq. 

recovery  of,  137 

of  liquids,  137 

meaBorement  of,  144 

of  steam,  146 

of  vapours,  145 

force  of  the  retention  of,  IGO 

Lateral  electrical  discharge,  270 
Laughing  gas,  331 
LaurthcerasuMf  leaves  of,  667 
Laurus  eamphora,  product  of,  633 
Lavender,  oil  of,  633 
Lavoisier,  M^  his  calorimeter,  132 
Laws,  exceptions  to  natural,  130 

evolution  of,  4 

Le  Blanc,  M^  on  increasing  the  size 

of  crystals,  80 
Le  Roi,  M.,  on  the  hygrometer,  152 
Lead,  cohesion  of  the  surfaces  of,  15 

strength  of,  47 

hardness  of,  53 

expansion  of,  by  heat,  102, 103 

progressive  dilatation  of,  116 

conduction  of  heat  by,  121 

congeoling-point  of,  137 

latent  lieat  of,  137 

electrical  conduction  by,  268,  549 

symbol,  equivalent,  and  physical 

properties  of,  420 

dinozide  of,  429 

atmospheric  action  on,  441 

ferrocjranide  of,  658 

ferridcyanide  of,  659 

Bulphocyanide  o^  661 

Lemon-rind,  oil  from,  634 

Lenses  and  prisms,  179 

Leslie,  Sir  J.,  his  method  of  taking 

the    specific    gravity   of   porous 

bodies,  30 
'—  —  differential   thermometer^  by, 

10ft  and  noie 
—'  —  on    atmospheric    rarc&ction, 

134 
method  of  freezing  water  in 

common  atmospheric  pressmne,  by, 

140 

.^  his  hygrometer,  155 

—  —  on  abwrption  of  heat,  211 
lievfgation,  efifect  of,  upon  cohesion,  69 
Ley&ii  jar,  description  of,  258  et  uq, 

—  quiitity  odT  electricity  in,  259 

—  intensity  of  electricity  in,  260 

■        —  use  of  cotttings  to,  SOS 

—  canse  of  the  choige,  263 

—  Dr.  Faradat^b  modificatiott 

of,  964 
-  ——  nridual  drngs  of^  S07 

—  diMTged  from  a  ckud,  i88 


|jiclHm%  oxaJio  aoid  in^  631 


Lichens,  colouring  matters  obtained 
from,  639 

Liebig,  Dr.,  system  of  chemical  nota- 
tion by,  353 

-^—  —  apparatus  for  oiganio  analysis 
by,  609  note 

—  —  on  destructive  distillation,  677 
Light,  radiation  of,  22 

reflection  cf,  used  to  measure  the 

angles  of  ciystals,  83 

— ^  sources  of,  165 

phenomena  and  laws  of,  166  et  teq, 

solar,  165 

developed  from  heat,  166 

developed  by  electricity,  166 

developed   by  animal  functions, 

166 

physiological  relations  of,  167 

medium  of,  168 

hypotheses  of,  168 

analogous  to  sound,  160 

velocity  of,  170 

pencil  of  rays  of,  170 

direction  of  the  rays  of,  171 

law  of  the  decrease  of,  171 

transmission  of,  171 

measurement  of,  172 

reflection  of,  173  et  $eq, 

diffusion  of,  175 

use  of  scattered,  175 

secondary  radiation  of,  175 

refraction  of,  178 

— —  refractive  media  of,  178 

— -  secondary  refraction  of,  180 

total  reflection  of,  180 

in  relation  to  colour,  180 

decomposition  of,  180 

synthetical  proof  of  its  composi- 
tion, 182 

absorption  of,  184  0/  seq, 

decomposition  of,  by  abeoiption, 

184 

difl^uction  of,  185 

fringes  of  coloured,  185 

interference  of,  186 

ordinary  refraction  of,  192 

double  refraction  of,  192 

polarization  of,  194  et  seq. 

bipolarization  of,  199 

aiudogies  between  heat  and^  208 

electrical,  238, 281  et  eeq. 

from  a  heated  tonrmaline^  S86 

action  of  nitrons  add  npoOy  836 

of  ilame,  cause  of,  361 

—  action  of  bromine  on,  88ft 
action  of  iodine  on,  388 

action  of,  on  the  oxide  of  gold, 

428 
infinenoe  of,  upon  oryrtaUiRation, 

4At 
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ligbty  actioii  of,  on  molecular  arraDge- 
ment,  466 

I^oepboric,  460 

•aninuJy  4G0 

absorption  with  retention  of,  460 

influence  of,  on  yegetation,  460 

developed  by  heat  without  com- 
bustion, 460 

from  vegetable  decomposition,  461 

from  ammal  decomposition,  461 

voltaic,  646 

lightning,  identified  with  electricity, 

287 

extent  of  a  flash  of,  289 

-—« representation   of  Uie  path  of, 
289  note 

danger  of,  290 

course  of,  290 

lightning-conductors,  291  ei  teq. 
lignin,  formula  for,  613 

nature  of,  614 

nature  and  formula  of,  616 

action  of  sulphuric  acid  on,  616 

destructive  distillation  of,  676 

lime,  solubility  of,  in  water,  70 
properties  of,  316 

—  action  of  atmospheric  air  on,  316 
-^—  compound  with  sugar,  612 
lime-water,  action  on  carbonic  acid, 

318 
linear  dilatation  from  the  freezing  to 

the  boiling-point  of  water,  103 
lines,  nodal,  46 

solar-spectral,  183 

Lint,  conduction  of  heat  by,  126 
lique&ction  of  carbonic  acid,  67 

of  atmospheric  air,  67 

heat  lost  during,  136 

a  cooling  process,  138 

—  of  gases  by  pressure,  160 
^—  of  gases  by  cold,  160 
— —  of  gases,  risk  of,  162 

of  gases,  table  of  the,  163 

——  of  gases  by  heterogeneous  adhe- 
sion, 163 

liquid  conduction  of  current  affinity, 

492 
liquid  conductor  of  electricity,  to  find 

the  area  of  the  efficient  section  of, 

489  et  teq. 
liquids,  prevailing  force  in,  16 
'■'—  methods  of  taking  the  specific 

gravity  of,  26 

state  of  cohesion  in,  48 

elasticity  of,  64 

compressibility  of,  64 

" properties  of,  66 

viscosity  of,  66 

filtration  of,  from  liquids,  64 

— —  adhesion  of  gaseous  matter  to,  67 


with 


liquids,  solation  of  solids  in,  08 

saturation  of,  with  gissi,  70 

'—  solution  of  gases  in,  70 

action  of  liquids  upon,  71 

to  recover  asolid  Cram  its  solntiM 

in  a,  77 

expansion  o^  by  heat,  lOS 

measorement  of  heat  by  the  ex- 
pansion of,  106 

expansion    of^    compared 

that  of  solids,  118 
conduction  of  heat  by,  122 

■  convection  of  heat  by,  125 

mean  temperature  o^  130 

capacity  of,  for  heat,  131  et  mq. 

rise   of   temperature  xsfoa  tk 

mixture  of  certain,  134 

latent  heat  of,  137 

congelation  of,  138 

influence  of  the  atmoq>here  upfls 

the  boiling  of,  139 

boiling  of,  at  great  altitudes,  142 

boilins^-points  of,  139, 144 

loss  of  their  cohesion  wiUi  retes- 

tion  of  gravity,  149 

transition-point  o^  into  vipovn, 

164 

action  of  adhesion  in,  441 

voltaic  convective  power  o(  SS8 

law  of  conducting  ekctridtj  bj, 

660 

inequality  of  expansion,  683 

Litharge,    irregolAr    contiactioB    d 

melted,  94 

irregular  crystallization  o^  94 

Lithium,  symbol  and  equivalent  0^426 
Litmus  of  commerce,  639 
Loadstone,  properties  d^  14 

cause  of  the  permanenee  of  the 

magnetic  force  in,  298 

armature  of,  304 

Loaf-sugar,   imperfect   crystalliaftioB 

0^78 
Logwood,  colouring  matter  of,  699 
LoHENziKi,  Steprano,  ou  the  Ur- 

pedo,  696 
Luminous  rays  compared  with  cakfiiic, 

224 

sifted  from  calorific,  226 

LussAC,  M.  Gat,  on  the  expanskn  d 

aeriform  matter  by  heat,  119 
—  discovery  of  hypo-nitrous  acid 

by,  337 
^—  —  on  the  eiqiansioii  of  liqnids,683 

Madder,  638 
Madder  purple,  639 
Madder  red,  means  of  obtaining,  638 
Magnesium,  symbol  and  equivalent  o( 
426 
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Magnet,  derivation  of  the  term,  14 

formation  of  an  artificial,  14 

early  use  of,  293 

effect  of  induction  upon,  296 

forces  of,  illustrated  by  the  elec- 
tricity of  the  tounnaline,  297 

effect  of  the  division  of,  297 

permanent,  298 

measurement  of  the  power  of,  298 

note 

construction  of,  299 

keeper  of,  299 

formed  by  terrestrial  induction, 

303 

effect  of  heat  upon  a,  304 

effect  of  cold  upon,  306 

influence  ol^  upon  electrical  cur- 
rents, 669 

rotation  of,  609 

M.  AMPEnE*8  hypothesis  of  the 

constitution  of  the,  671 

magnetic  electric  induction  by, 

682 

'  formed  by  a  hollow  helix,  683 

>Iagnetic  actions,  concentiution  of,  662 
— ^  —  in  relation  to  current  electri- 
city, 670 

upon  particles,  297 

attraction  and  repulsion,  294 

by  induclion,  296  note 

intensity  of  the  force  of,  303 

at  tractions  and  repulsions  reduced 

to  revolving  motions,  667 

batteries,  construction  of,  299 

boreal  and  austral  fluids,  306 

consecutive  poles,  296 

—^  currents,  terrestrial,  673 

—  dip,  annual  variation  of,  332 

dipping  needle,  301  note 

—^  directive  needles,  301 

induction  in  the  direction  of, 

303 

elements,  hypothesis  of,  672 

equator,  coincidence  of,  with  the 

terrestrial,  301 
-^—forces,  action  of,  upon  metallic 

molecules,  297 
•^^  hypotheses,  306 
induction,  296 

—  —  of  soft  iron,  296 

distinguished  from  electric,  296 

law  of,  290 

—  —  by  contact,  298 
—  by  friction,  298 

_  —  polarity  ofy  retained  by  me- 

chanioal  force,  298 
-~-  —  increaaed  by  vibratioiii  903 

intensity  of,  564 

^^—  IcflOpeTa  299 


Magnetic  needle,  polarity  of,  disturbed 
naturally  and  artificially,  293 

dip  of,  300  ei  teq. 

action  of  terrestrial  magnetism 

upon,  300 
means  of  supporting  the,  300 

note 
variations  of,  with  respect  to 

time  and  place,  301 

diurnal  variations  of,  302 

-~  sudden  synchronous  occasional 

disturbances  of,  302 
— -  —  action  of  the  conducting  wire 


on,  466 


effect  of  the  conducting  wire 

on,  661 

rotation  of,  667 

cfiect  of  arresting  the  voltaic 

current  upon  the,  681 

polesof  magnetized  iron  filing8,297 

poles  of  the  earth,  301 

power  of  the  voltaic  current,  670 

repulsion,  intensity  of  the  force 

of,  303 
-^—  storms,  302 
^lagnetism,  science  of,  293  et  eeq, 

attractions  of,  294 

repulsions  of,  294 

transmission  through  matter,  296 

induction  of,  296 

• law  of  the  induction  of,  296 

induced  by  friction,  298 

to  saturate  steel  with,  298 

induced  by  contact,  298 

measurement  of,  298  note 

terrestrial,  300 

measurement  of  the  intensity  of, 

303 

influence  of  heat  upon,  304 

hypotheses  of,  306 

boreal  and  austral  fluids  of^  306 

effect  of  cold  upon,  306 

M.  Ampere* A  hypothesis  of,  673* 

Magnetized  bar,  attractive ]M)wer  of,294 
phenomena  from  an  imperfect, 

296 

iron  filings,  poles  of,  297 

Magneto-electric  battery,  688 

induction,  683 

—  -—machine,  description   of,  686 

and  note 
i^—  —  effects  of  voltaic  currents  \rf\ 

667 
Magncto-olectricity,  science  of^  681 
Matoic  acid,  626 
Malic  acid,  hydrated,  626 
Malleability,  examples  of,  64 

of  tha  metals^  483 

Malt,  diastaM  of,  643 


bisn,  value  of  hia  CDminiiii  experience. 


on,  43 

his  tolerance  of  licat,  123 

hU  tolomnce  of  cold,  123 

Afanganesc,   ayniboli    eqnivKlent,  and 

physical  propetties  of,  426 

protoxide  of,  428 

peroxide  of,  428 

obtained  by  cmrent  affinity,  478 

atomic  weight  determined  by  iso- 

morpiiiBiD,  eao 

Manganic  acid,  690 

Maima,  product  of,  614 

Mannite,  fonoula  and  propertiet,  614 

BOUTCo  and  tormola  of,  616 

Hi^le  iugar,  formula  of,  616 
Marhle,  conduction  of  heat  by,  121 
lliufjtuic  acid,  meaiu  of  obtoininft,  617 

source  and  formula,  618 

Uorgarin,  616 

means     of    ■epaiatiug    it    from 

formula  of,  817 

Margarule,  suppomd  oxides  of,  618 
Mariner's  compass,  early  Imowledge 

of,  by  the  Chinese,  203 
distnrbaiice  of,  by  electricity, 

203 
Mabiotte's  experiment  with  air,  31 


HatheDMttici,  indepcodent  of  obs^vk' 

Matter,  1 

force*  of,  6,  B 

^—  lensiblB  praperties  d,  8 

oriffinof  oarfintkna«ledgaof,a 

I  diSerent  forma  of,  7 

oonstitution  of,  7 

Newton's  faypcrtbMk  of,  7 

Boscotich's  hypothaH  <^  7 

poKW^  off  8 

Mataiaf^S 

diTi*bilUjr«4» 

atr«st,» 

'         in  motion,  10 

elaslid^  c^  IS,  IB 

-wpnlsioM«iniwgthwtBBisof,ll 
"<* 


Hatter,  gravitation  o^  30 

v^ocity  of,  in  rams,  11 

specific  gravity  of,  26 

three  phyHical  states  of,  47 

the  three  pbyucal  statai  of,  i 

Idnd  of,  determined  1^  fm 

crystals,  at) 

effect  of  beat  upon,  lOS 

capadly  of,  for  heat,  131 

beat,  latent,  in,  ISA 

emanations  of  light  fhMB,  IK 

emanations  of  beat  from,  IG! 

B^-luminous,  166, 

analyms  of,  by  light,  206 

diaphanous,  220 

diatliermous,  220 

athermoiis,  220 

electricity  of,  328 

permeability  of,  to  magaetk 

fluencG,  39ft 
ancient  enot*  on  tbeconstiti 

of,  307 

UDdccomposed,  310 

fondamental  laws  <f  the  ea 

ution  of,  329 
combination   of,  in   definite 

lumes,  tymbolically  tum— 

326  ml* 

primary  compoonda  o^  3UI 

Bccondory  componiidi  0^  Sf  I 

theoriea  of  tbe  divisilalily  ti, 

bypothcM  of  the  stnetan 


Measure,  the  slaadard,  of  &■«<■ 

94 
HechanJcal  fon^  II 

wmby,  SO 


Haconia  ndd,  fcydnta^  ■ 


nribb  j/ngm^tm  tt,  IB  \ 


Medal^  art  ctf  aofqpjag,  Ml 
Uadia,  deoaily  at,  ia  nltfiM  ti 

velodlT  of  ligH  171 
Me^mn  of  S^l,  IM 

Ukllovi,  IL,  (B  On  ^MHMta 

luat.  Ill 
Hflnlal  pracess  of  study,  3 

—  induction,  4 

Menurial  hath  dc«cribi 
thennoiueter,  Um. 


110 


-  Gorrecljon  of  dii 
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Mercury,  use  of,  in  the  barometer,  30 

compresflibility  of,  56 

i^—  heterogeneous  adhefiion  of,  59 

capillary  action  upon,  02 

—  diflsection  of  tin  by,  88 

-^—  for  thermometrio  purpoeee,  109 

conduction  of  heat  by,  123 

capacity  of,  for  heat,  131 

specific  heat  of,  133 

congealing-point  of,  137 

boi&g-point  of,  144 

spontaneous  evaporation  from,148 

-^—freezing  of,  by  liquid   carbonic 

acid,  182 
-^—  hcAt  required  for  its  combination 

with  oxygen,  312 

red  precipitate  of,  312 

deuto-cyanide  of,  309 

— ^—  fulminates  of,  370 

chlorides  of,  377 

sjrmbol,  equivalent^  and  'physical 

properties  of,  428 

proto-nitratc  of,  434 

-^—  deuto-nitratc  of,  434 

cliaracters  of  the  vapour  of,  481 

Meta-gallic  acid,  hydrotcd,  026 
Meta-phosphoric  acid,  409 
Metal,  an  hypothetical,  480 
Metallic  elements,  characters  of,  426 

lustre,  cause  of,  423 

oxides,  428 

thermometers,  1 10 

Metals,  dissection  of,  88 

^"increasing  dilatation  of,  by  heat, 

"us 

^—  application  in  the  arts  of  their  , 

dilatation  by  heat,  1 16 

conduction  of  heat  by,  120  ei  $eq, 

^■^  congealing-points  of,  137 

reflection  of  light  by,  174 

^^  radiation  of  heat  by,  213 
^^  electrical  conduction  by,  268 
heat  evolved  by,  diuing  electrical 

conduction,  268 
-^—  resistance  of,  to  electricity,  269 
^^  magnetic  polarity  of,  304 ' 

solution  of,  306 

combinations  with  nitric  acid,  337 

~—  oombinations  with  cyanogen,  367 
^^  oombinations  with  cyanic  add, 369 

combinations  with  chlorine,  373 

^^  combinations  with  hydro-chloric 

add,  375 
•^^  oomfauiatioiis  with  iodine,  388 

oomlnnatioDB  with  sulphur,  394 

comWnationswithpho^)honM,406 

affinity  of,  for  oogrgen,  490 

radnotion  of,  421 


Metals,  characters  of,  422  et  teg. 

malleability  of,  423 

hardness  of,  423 

spedfic  gravities  of,  423 

ductility  of,  423 

chemical  characters  of,  424 

classification  of,  424 

—  symbols,  equivalents,  and  phymcal 
properties,  of  all  the,  426 

.  primary  combinations  of,  427 

alloys  of,  427 

action  of  metallic  vapours  on,  427 

conversion  of,  into  adds,  428 

—  oxides  of,  488 

combinations  with  oxygen,  428 

combinations  with  clilorine,  429 

combinations  with  bromine,  429 

combinations  with  iodine,  429 

combinations  with  sulphur,  429 

combinations  of,  with  carbon,  430 

combinations  with  phosphorus,430 

combinations  with  selenium,  430 

combinations  of,  with  boron,  431 

combinations  of,  with  silicon,  431 

affinity  of,  for  nitrogen,  431 

affinity  of,  for  hydrogen,  431 

secondary  combinations  of,  431 

mutual  contact  of  different,  un- 
equal to  generate  a  constant 
voltaic  current,  524 

path  of,  in  the  voltaic  current,  626 

—^arrested  in  the  voltaic  current, 
636 

resistance  to  the  voltaic  current 

offered  bv,  648 
power  of  conducting  voltaic  elec- 
tricity, 648 

law  of  conducting  electricity  by, 

649 

thermo-electric  phenomena  on, 

666 

fused  by  tlie  constant  battery. 


660 


correspondence  of  atomic  wdghts 

and  Hpccific  boats  in  the,  685 

isouiorphous,  692 

Metamorphosis  of  oi^gonic  products, 
641  e/  seg, 

Metamoq)ho8es,  pyrogeneous,  674  ei 
teg, 

Methule,  formuhi  of,  664 

hydrated  oxido  of,  654 

other  compounds  of,  655 

Methylio  ether,  655 

Microcoemic  salt,  437 

Milk,  sugar  of,  615 

Minors  safety-lamp,  304  note 

Biineni  Ungdoro,  basis  of,  413 

Mineral  springs,  constituents  of,  38ft 
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Mineral  waters,  hydro-flulphnric  acid 

in,  394 
Mines,  ventilation  of,  127 
MiTscHERLicH  on  the  expansion  of 

crystals,  94 

isomorphism  established  by,  688 

Biixing,  loss  of  volume  upon,  72 
Mixture,  rise  of  temperature  upon  the 

mixture  of  certain  liquids,  134 
Mixtures,  definition  of,  71 

distinguished  from  solutions,  71 

Mobs,  system  of  crystallization  by,  96 
MoirU  mUalUquet  principle  of^  86 
Moisture,  effect  of,  upon  cohesion,  51 

measurement  of  atmospheric,  151 

Molecular  forces,  15 

arrangement,  effect  of  vibration 

upon,  46 

hypothesis  of  light,  168 

structure,  action  of  light  on,  466 


Molecules,  aee  Atoms 

crystalline  arrangement  of,  89 

Molybdenum,  symbol,  equivalent,  and 

physical  characters  of,  426 

atomic  weight  and  density  of,  693 

Momentum  of  forces,  1 1 

to  find  the  amount  of,  1 1 

accumulation  of,  24 

Monobasic  phosphates,  435 
MoNTOoLFiER,  coustruction  of  the 

balloon  by,  127 
Morphia,  discovery  of,  627 

' constitution  of,  628 

Mother-of-pearl,  colours  of,  explained, 

189 
Motion  of  matter,  9 

effect  of  arresting,  10 

effects  of  resistance  to,  10 

perpetual,  10 

—  science  of,  11 

I         deduced  from  forces,  1 1 

velocity  of,  1 1 

influence  on  affinity,  444 

Mulder,  example    of,    to   practical 

chemists,  677 
Multiple  proportions,  328 

with  respect  to  gases,  332 

Murexan,  664 
Murexid,  664 
Muriate  of  ammonia,  decomposition 

of,  447 
voltaic  product  of,  with  mer- 
cury, 480 
lime,  use  of,  in  freezing  mixtures, 

136 
^f  uriate  of  soda,  constitution  of,  432 
Muriates  and  chlorides,  376 
Muriatic  acid,  (dm  Hydro-chloric  acid), 

374 


Muriatic  acid,  liqaefiiction  of,  1S3 

refraction  of  light  by,  178 

^ —  specific  insulating  power  orcr 

electricity,  274 
Muriatic  ether,  formation,  properties, 

and  formuJay  650 
MuscHCKBaoEK,  the  Leyden  Jaro^ 

259 
Musdee,  sense  of  touch  in,  7 
Muscular  force,  11 

overcome  by  dasticity,  12 

resistance  ciwcmtial  to^  13 

overcoming  oohesioB,  16 

tissue,  basis  of,  619 

Mushroom  sugar,  616 

Musical  combustioii  of  hydrqgca,  SSI 

notes,  43 

mechanical  power  of,  45 

sounds,  mechanical  eanse  <d,  43 

visible  vifaiationa  of  a»  45 

MiKtard,  oil  of,  634 
Myrioa  eerifwra^ 


Naphth^  volume  of  thevapoarof,164 

used  to  presra-ve  potassium,  421 

sources,  676 

properties  and  formula,  676 

Naphthaline,  means  of  obtahung,  675 

properties  and  formula,  676 

Narceia,  source  and  formula  of,  690 
Narcotina,  source  and  formula  of,  OO 
Nascent  state  of  gases,  441 
Natronium,  «m  Sodium 
Natural  laws,  evolution  of,  4 
Natural  organic  acids,  626 
Natural   philosophy,    preparation  for 

the  study  of,  2 

principles  of,  4 

Natural  science,  value  of  experieaee 

to,  1 

foundation  of,  1 

defined,  2 

errors  in  the  study  of,  3 

—  value  of  hypotheses  in,  4 


Needle,  magnetic  (sm  Magnetism,  &e.) 
Negative  and  positive  electrical  stately 

232 
Nerves  of  electrical  organs,  600 
Nervous  power  of  electrical  aniniaU,091 
Neumakn,  M.,  on  capacities  of  atosM 

for  heat,  686 

Neutral  arseniate  of  soda,  438 

bases,  characters  of;  314 

crystiOlizable  principles,  taUe  of, 

632 

&tty  bases,  618 

principles,  631 

salts,  theory  of  the  ooostitirtiaB 

of,  434 
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New  T03r,oii  the  constitution  of  matter,? 
his  improvement  in  the  thermo- 
meter, 106 

coloured  rings  of,  189 

Nickel,  crystalline  dissection  of,  86 

cr^'stalline  character  of,  1>7 

magnetic  property  of,  304 

symbol,  equivalent,  and  physical 

properties  of,  426 
obtained  by  current  affinity,  479 


Nicholses  prism,  196 

Nicotia,  source  and  formula  of,  630 

NisrcE,  M.,  fixation  of  photographs 

by,  454 
Nitrate  of  ammonia,  formation  of,  342 

■  —  reciprocal  proportions  of  the 
constituents  of,  345 

composition  and  decomposition 

of,  348  noU 

equivalent  of,  351 

^— -  —  chemical  notation  of,  353 

LiEBio's  symbol  for,  353 

baryta,  action  of  sulpliuric  acid 

on,  446 
—  bismuth,  crystalline  character  of, 

97 

copper,  constitution  of,  439 

lead,  electrolysis  of,  538 

— ^  lime,  decomposed  by  carbonate 
of  ammonia,  347 

^'—  —  composition  and  decomposition 
of,  348  note 

etiuivalcnt  of,  351 

attraction  of,  for  water,  378 

potassa,  radicle  of,  435 

action  of  sulphuric  acid  on,  446 

electrolytic  name  of,  535 

silver,  action  of  light  on,  453 

—  electrolysis  of,  537 

soda,  crystalline  diameters  of,  97 

Nitre,  crystalline  characters  of,  97 

phenomena  presented  by  cr3r8tals 

of,  subjected  to  the  action  of  po- 
larized light,  201 

^—  sources  of,  329 

"—^  use  ol^  in  tlic  manufacture  of  sul- 
phuric acid,  397 

Nitric  acid,  action  upon  copper,  19 

-^—  —  boiling-point  of,  144 

-—  latent  heat  of  the  vapour  of, 

146 

discoveiy  of,  329 

■  —  preparation  of,  329 

—  abttnustion  of  oxygen  from, 

329  clM^. 
^—  ^-  constitution  of,  336 

—  action  of,  upon  hydnig^,  336 

ofy  with  water, 


Nitric  acid,  action  of,  upon  charcoal, 
337 

action   upon    vegetable   and 

animal  substances,  337 
"—^  —  action  of,  upon  oil  of  turpen- 
tine, 337 
^—  —  action  of,  upon  metals,  337 

action  of,  upon  tin,  339 

action  of,  upon  iron,  339 

—  —  equivalent  of,  on  the  hydrogen 
scale,  350 

—  —  LiEBio*8  symbol  for,  353 
product  of  its  action  upon  ve- 
getable substances,  357 

action  of,  on  phosphorus,  408 

Nitric  oxide,  {aee  Deutoxide  of  Nitro- 
gen,) 332 

—  composition  of,  by  volumes, 

333  no^tf 

Nitrogen,  diffusiveness  of,  75 
specific  heat  of,  133 

refraction  of  light  by,  178 

^—  effect  of,  upon  the  electric  brush 

discharge,  276 

properties  of,  309 

means  of  obtaining  it  from  atmo- 

si)heric  air,  309  ei  aeq, 

—  combination  with  ox^rgen,  328 
protoxide  of,  330,  331 

deutoxide  of,  332 

—  symbolical    expressions    of    the 
compounds  of,  with  oxygen,  337 

combination  with  hydrogen,  339 

source  of  organic,  348 

equi\*alent  of,  on  the  hydrogen 

soile,  350 

LiEBio's  symbol  for,  353 

compounds  of,  with  carbon,  364 

bi-carburet  of,  365 

^—  proto-carburet  of,  366 

combination  with  chlorine,  381 

detonation  of  the  compounds  of, 

382 

chloride  of,  382 

combinations  with  iodine,  390 

combinatiouwith  phosphorus,  413 

phosphuret  of,  413 

affinity  of,  for  the  metals,  431 

hypothetical  constitution  of,  480 

I   course  in  the  voltaic  current,  540 

determination  of,  in  oi^ganic  ana- 
lysis, 610 

animal  sources  of,  656 

Nitrous  acid,  condensation  of,  336 

properties  of,  335 

composition  of,    by  volwne, 

335 

efiect  of  heal  upon  its  action 

opoaUgbt,  336 
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Oi^gonic  radicles,  GO-i 
Organization,  acids  of,  621 
Oscillations  of  solid  bodies,  44 

of  the  barometer,  cause  of,  156 

Osmium,  s^rmbol,  equivalent,  and  phy- 
sical characters  of,  426 
Oxalamide,  discovery  of,  670 
Oxalate  of  ammonia,  means  of  obtain- 
ing, 670 

ethule,  661 

lime,  electrical  excitation  by,  236 

methule,  655 

potassa,    method    of  obtaining, 

358 

Oxalic  acid,  crystalline  cliaractcr  of,  07 

methods  of  obtaining,  357  etgeq. 

properties  of,  357 

action  of  sulphuric  acid  upon, 

357 

constitution  of,  357 

formula  of,  358 

abstraction  of  water  from,  433 

natural  sources  of,  621 

hydrated,  626 

Oxalic    ether,   formation,    properties 

and  formula,  651 
OxoRa  acflot€lla,  salt  in,  358 
Oxidation,  means  of   producing  the 

mA^miim  state  of,  337 
Oxide  of  ammonium,  480 

benzule,  668 

copper,  diathermancy  of  the 

green,  225 

ethule,  648 

—  ««  Ether 

^^  <—  iodine,  formation  of,  389 
^  iron,  reduction  of,  440 

—  —  lead,  compound  of,  with  sugar, 
612 

-^—  —  —  compound  of,  with  starch, 

613 
^^  —  phoq)horus,  formation  of,  407 

^  —  properties  of,  408 

hydrate  of;  408 

— -  —  of  silver,  affinity  of,  for  water, 

438 
Ozide8»  radiation  of  heat  by,  213 
definition  of,  334 
obtained  by  combustion,  420 
reduction  o^  420 
-  characterB  of  the  metallic,  428 

action  of  hydrochloric  acid  on 
the  metallie»  429 

•  action  of  the  hydroBulphnriN}  add 
on  the  metallicy  430 

iMmorphoofl,  689  ei  My. 
Q^jbhloride  of  meronry,  fonnatiao  ofj 
378 


Oxygen,  diffusiveness  of,  75 

specific  heat  of,  133 

refraction  of  light  by,  178 

combination  with  phosphorus,  30fl 

obtained  from  atmospheric  air, 

310 

combination  with  mercuiy,  310 

properties  of,  311 

— —  obtained  from  peroxide  of  man- 
ganese and  chlorate  of  potassa, 
311  note 

substances  with  which  it  is  loosely 

combined,  312 

bodies  combustible  in,  313 

products  of  combustion  in,  313 

combustion    of,  with    hydrogen, 

324 

means  of  union  with  hydrogen, 

327 

combination  with  nitrogen,  328 

etymological  use  of  the  term,  334 

considered  as  the  standard  for 

the  expression  of  chemical  equi- 
valents, 343 

equivalent  of,  on  the  hydrogen 

scale,  350 

compounds  of,  with  hydrogen,  364 

compounds  of,  with  carbon,  355 

combination  with  cyanogen,  370 

compounds  of  chlorine  and,  378 

compared  with  chlorine,  378 

combination  with  bromine,  387 

combinations  with  iodine,  389 

combinations  with  sulphur,  395 

combinations  with  selenium,  402 

combinations  with  phosphorus,  406 

combination  with  silicon,  414 

combination  with  boron,  417 

affinity  of  the  metals  for,  420, 424 

combination  with  metals,  428 

radicles  of,  434 

power  of,  limited  by  cohesion 

440 

evolution  of,  from    chlorate    of 

potassa,  446 
^^  direction  of,  in  the  voltaic  circuit, 
626 

combustion  by  pure,  607 

— —  determination  of,  in  organic  ana- 
lyses, 610 

of  the  ternary  acid  compounds, 

621 
oils  containing,  634 

—  oils  not  containing^  634 
Oxygenation  of  alcoho^661 
Oxynitrion  of  hydrogen,  435^  639 

—  —  potaninm,  436^  635 
OxysolphioD  of  ammoahim,  636 
l^ydrqgen,  496 


P«iEBTi.BV,  D«.,  discovery  uf  deut- 

oiicie  of  nitrogen  by,  ;t32 

Primitive  fonns  of  crystalB,  fl  1 

PrinciplM  of  sciepco  essential  to  know- 
ledge, 27 

neutral,  C31 

Prism,  a  Bix-iidod,  fonned  of  oblong 
■pheroidHil  piirticles,  Q3 

axis  of  a  right-rectangular,  9G 

Prismatic  coloure,  IBO 

Proftremive  dilatation,  114 

Projectiles,  repilatcd  velocity  of,  17 

Proof  plane  of  M.  Coulomb,  242 

Froportiona,  definite,  335 

equivalent,  346 

mnltiple,  3S8 

redprocal,  344 

Froteui,  means  of  obtaining,  properties, 
and  formnla  of,  GSO 

Proto-carburet  of  nitrogen,  366 

Proto-chloride  of  carbon,  properties 
of,  383 

mercQiy,  formation  of,  377 

tin,  alectrolysiB  of.  Ml 

Fmto-chloridos,  373 

Proto-hydrate  of  phoaplioric  acid,  409 

Proto-nitrate  of  mercury,  434 

electrolysia  of,  A38 

Proto-snlphata  of  iron,  formation  of. 


imductiaD  of,  3&4 

.  mercury,  action  of  hydto-chloi 

add  on,  377 
■ nitrognn,  propertiM  of,  3S0 


oondemsation  of,  330 

—  —  compodtion   bj  Totnm^  331 
nott 

LixBio's  ^mbol  tor,  SU 

Protoxides,  definition  o^  SSB 
VtataoUir,  daaoription  of  a,  n 
Psoirt/Dft,  objeotiBn  to  tba  l^dngan 


of  0(|uia  HHlfiis  by, 


Proximata  pfineqplei^  MS 


PflMtate  of  polifM,  HMBBbetan,  ftr- 


at  Ml 


Pulverization,  effect  of,  upon  mbMioD, 

61 
Pimip,  description  of  the  mddng,  U 

—'  capillary,  64 
Pnrpurote  of  ammonia,  661 
Purpuric  acid,  fiM 
Putro^tive  fermentation,  66! 
Pyramid,  axes  of  a  sqnare,  9G 
Pyritea^cryatalline  chancier  of  in^  17 
Pyro-gallic  add,  hydrated,  6W 
Pyrogeneous  metamorpliOMS,fi74(tvf. 
Pyro-meconic  acid,  hy^mted,  tit 
Pyrometer,  Wedoitood'^  111 

DaHIELL'S,  III    «f  Wf. 

Pyro-phoaphoric  acid,  410 
I^rro-racemic  acid,  hydrated,  Ot 
I^ro-tartaric  acid,  hydrated,  6SC 
^roxyljc  spirit,  Muroe  o(  OU 

properties    and    fonink  tl, 

6M 
oxidation  of,  6S6 

Qttadraht  Elxctkomktkb,  mi 
Quadri-hydrD-carboB,   [Hutiato  n< 

formula,  G7S 
Quartz,  hardness  of,  U 

tona  of  oryatala  of,  81 

crystalline  chaiacten  <f,  91 

refraction  of  light  by,  171 

circular  poUriartiaa  iHMlnM 

by.SOS 

diatfaeniMBqr  of.  SM 

Qnerdtrio,  Mnmoe  and  bimik  Mt 
Qutreiu   iirfuioria, 

from,  S39 
Quicklime,  actiaB  of 
QuicksilTer,  coipuudmk  al,  hftmli,  M 

Quieaoence  of  miiuar,  ff 


M^F^"«n" 


Badiant  heal,  intradoatMB  tol 
of,  IS5 

M.  MzLLOKi  tn,  9 

.  —  law  of  ilB  deam 

BadietioD  of  eleolrieitT,  I 

Ileal,  165 

familiar  it 

terrestrial,  3  IK 

of  cooling  of  b 
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Radicles,  deiiuitiun  of,  370 

organic,  604 

Rain,  formation  of,  158 

solution  of  atmospheric  ammonia 

in,  348 
Rain-water,  cause  of  the  softness  of, 

348 
Rarefaction  of  the  atmosphere,  134 
Ray,  the  electric,  696 
Rays,  various  kinds  of  calorific,  218 
'-^-^  differences  between  calorific,  223 
luminous,  compared  with   calo- 
rific, 224 

of  light,  pencil  of,  1 70 

direction  of,  171 

unequal  refrangibility  of,  180 

coloured,  180 

Re-charge  of  electricity,  2GC» 
Reaumua*8  thermometer,  107 
Rcdprocal  proportions,  344 
Red  precipitate  of  mercury,  312 
Reduction  of  ores,  421 

of  oxides,  420 

Reflecting  goniometer,  description  of, 

83 
Reflection  of  heat,  210 
of  light  used    to  measure   the 

angles  of  crystals,  83 
—  —  primary  law  of,  173 

familiar  phenomena  of,  174 

total,  180 

in  relation  to  the  thickness  of 

matter,  101 

of  sound,  44 

Refraction  of  heat,  218 

of  light,  176 

index  of,  177 

-^—  —  to  ascertain  the  degree  of,  177 

fiuniliar  instances  of,  178 

by  difierent  bodies,  178 

—  direction  of,  179 

-^—  —  media  of  ordinaiy,  192 

ordinary  ray  of,  194 

extraordinary  ray  of,  194 

Refhuitiye  media  of  li^ht,  178 
BefaogibiUty  of  lummous  rays,  the 

imemuJ,  ISO 
-^-"  in  rdation  to  diathermancy,  222 
of  calorific  rays,  226 

of  heat  changed  by  secondaiy 

mdiatioiit  927 

Befirigeimtion,  78 

B^giater  pyrometer,  bj  Daviell,  1 1 1 
B^nlaiony  fonea  oi^  13 
varietiaa  of.  14 
oleotrioal,  14,SS0 

0(260,968 
17,46 


lietiidual  chargi!  of  electricity,  267 
Resin,  refraction  of  light  by,  178 

—  electrical  powers  of,  231 
Resinous  and  vitreous  electrical  states,^ 

231 
Resinous  bodies,  electrical  induction 

throuj^h,  257 
ResinM,  (»2  and  634  ei  seq. 

derivation  of,  from  oils,  636 

chemical  characterB  of,  636 

Resistance  to  current  affinity,  466 

law  of,  469 

interior  and  exterior,  488 

metallic,  494 

—  —  chemical,  494 
Respiration,  carbonic  acid  produced 

by  animal,  318 
Rhodium,  symbol,  crjuivolent,  and  phy- 
sical characters  of,  426 
Rhombic  dodecahedron,  structure  of, 

from  cubic  iMirticlcs,  90 
Rhombohcdron,  formed  of  oblate  sphe- 
roidical particles,  93 
>  axis  of,  96 
Rhomboidol  dodecahedron,  figure  of,  81 
RicHMAN,  Professor,  fatal  ex|)eri- 

mcnt  by,  288 
Right-rcctangiilar  prism,  axis  of,  96 
Ritchie,  Dr.,  experiment  on  radiant 
heat  by,  213 

torsion  galvanometer  of,  468  note 

Rochelle  salt,  crystalline  characters  of, 

97 
Rock  crystal,  form  of  its  prisms,  79 

pokuisation  of  light  by,  199 

■    —  nature  of,  414 
Rock-salt,  refraction  of  light  by,  178 
^^  —  diathermancy  of,  220 

use  of,  in  calorific  researches, 

223 
Rose-oil,  634 

Rosin,  specific   inductive  capacity  of, 
266 

composition  of,  636 

destructive  distillation  of,  676 

Rotation  of  the  magnetic  polo  and  con- 
ducting wire,  666 

of  voltaic  flame,  668 

Rubia  Hneiorumy  products  of,  638 
RuDBERG,  Professor,  on  expansion 

by  heat,  110 
i2ifm«jr,  acid  in  the  genus,  621 
Ru  MroRD,CouMT,  on  heat  bj  friction, 

100 
^-—  —  on  the  conduction  of  heat,  124 

on  the  intensity  of  light,  172 

Rupert's  drop  described,  17 
Rutherford,  Professor,  discovery 
of  nitrogen  by,  310 

a  C 
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SAci-HAmiHB  feraiGiiliktion,  <i43 

Safelj'-lamp,  3G4 

8)i«o,funnulaof,  Gla 

Sal-Bin  mouW,  HO 

Sftlep,  funnuta  of,  Glii 

Snliciu,  BouFcea,  (iropertius,  and  for- 

dulioitc  test  far,  ta\ 

as  a  source  of  the  liydruTet  of 

■alicule,  CdO 
Saliculi!,  em 
hydrurot  of,  WO 

Btlxaiiv  »ci(l,  GG» 

Soliue  Miutions,  phenomena  upon 
ine,  -"7 

cleclrical  conduction  by,  GliO 

Salt,  fiirm  of  crysta!  as  a  meona  uf  de- 
termining tliu  claxs  of  B,  Ql 

obtained  from  sea  water,  140 

Saltpetre,  form  of  ciyatal  of,  7B 

Salt!,  solubility  of,  70 

cryBtalliaation  of,  78 

crystallizatioQ  of,  in  turbid  solu- 

tioiu,  80 

cold  generated  during  Iho  lique- 
faction of,  I3C 

nomenclature  of,  SfiS 

efflorescence  of,  371 

ronstitiition  of,  43) 

biiuuy  theory  of,  432  c(  leg. 

radicles  of,  433 

constitution  of  neutral,  434 

nomenclatnro  of  the  radicles  of, 

4» 

relations  of,  to  conenneut  foreea, 

44A 

electrical  deoompositiona  of  aque- 
ous tolationa  of,  633 

confirmation  of  the  binary  theai7 

of,lt34 

Sanctoiio's  air  thermometer,  104  oof* 

Sand,  prcsnre  nf,  BO 

—^  incUnMion  of  a  ^jnauA  of,  61 
mils 

slow  eondncUon  of  heat  bjr,  ISl 

B^mhire,  hoid&MS  of^  5S 

8atnTat«d  solntioii,  oetian  cf  cold  upon 


Science,  alMtraet,  S 

BcieDce  of  mathematics,  2 

natural,  2 

essential  elements  ot.  4 

knowledge  of  thppriiiri|'I(tof,!7 

of  sound,  43 

of  electricity,  ^R 

of  nugiietisni,  393 

unity  of,  KM 

ScoHEBBT,  llEv.  Ms^  ou  tile  Conduc- 
tion uf  mnj(neCs,  300 

Sea-salt,  compoBitioa  of,  373 

bydro-cbloric  acid  obtained  fnini, 
3"- 

Sea-w 


374 


in  relation  to  faeM  and  deDBtyA* 

evaporation  at,  149 

non-m*tallic  elements  oUoiBsl 

from,  372 
Sealing  wax,  radiation  of  beat  by.  Sit 

electrical  powei*  of,  230 

Bebacie  acid,  aaune  and  fbrul^  (II 
Secondary  forms  of  cryot^  bbujk- 

tore  canceming  the  mam  »C,  ■ 

-  —  fomiatioD  of^SB 

-  solar  FOfs  of  heMt,  kbrnM/litmlt, 


—  combination 
343 


of  cm 


■dbo&i, 


results     from     ill  iiii  ihlMJII 
action,  540 
Seeieci,  Faorxasos,  as  Ik  l^qa- 
ratnre  of  the  Mhr  V«lnB,tia 

on  the  melitm  of  1^  ^m 

alEnity,  4U 


by,eM 
Sek-niato  of  s^o,  MlubUity  of,  70 
of  line,  chnngo  in  the  inlemil 

stnieture  of  crystals  ot,  90 
Selenic  acid,  fonniuion  at,  403 

pmperiiMi  uf,  403  fm 

compodtion  of,  4M  ^H 

Belenious  acid,  furmUiou  ot,  401   ^^t 

properties  of,  403  ^^H 

composition  of,  403  -^ 

Selenite,  cryslallini'  cboncW  of,  M 
Selenium,  discovery  of,  40 1 

properties  of,  401 

analogy  of,  to  sulpkur.  *#1 

pombinaliona  vrilh  (UM*>>>401 

combinatioa*  irilh  liyiUagwi.  4(0 

comblnaUonawHh  tht  Mol^  U> 

Solentiirot  of  pntasriinii.  toiMllmi  A 

404 
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Sclf-inductiou  of  the  coiidiictiuj^-wirc, 
592  el  ieq. 

St'lf-luminous  bodies  1^ 

!Si:nnebii:b,  on  the  action  of  light 
upon  vegetation,  460 

Sensation,  vague  idea  of  temperature 
from,  101 

of   cold,    dependent    upon    the 

conducting  power  of  matter,  162 

Sense  of  vision,  167 

of  tonch,  0 

muscular,  6 

Senses,  connexion  of,  7 

correction  of  the  errors  of  the,  8 

Sericic  acid,  source  and  formula,  618 

Scsqui-chloride  of  phosiihorus,  forma- 
tion of,  412 

Scsqoi-ferrocyanido  of  iron,  manufac- 
ture and  constitution,  669 

Sesqni-flulphate  of  iron,  434 

8heli-lac,  specific  inductive  capacity 
of,  265 

—  perfect  insulating  power  of, 

268 

Shock,  electric,  250 

Signs,  chemical,  S52 

SiKEs's  hydrometer,  28  note 

Silica,  natural  sources,  414 

formation  and  constitution  of,  414 

hydrate  of,  414 

properties  of,  415 

^—  action  of  hydrofluoric  acid  on,  416 

Silicon,  source  of,  413 

insulation  and  properties  of,  414 

oxidation  and  formula  of,  414 

combination  with  chlorine,  415 

fluoride  of,  416 

— «-  combinations  of,  with  the  metals, 
431 

^^  obtained  by  the  voltaic  current, 
480 

SUk,  conduction  of  heat  by,  125 

electrical  powers  of,  230 

Silver,  linear  expansion  of,  by  heat,  103 

temperature  of  melting,  114 

—  progressive  dilatation  of,  1 16 

conduction  of  heat  by,  121 

^— -  speeific  heat  of,  133 

coDjgiealing-point  of,  137 

radiation  of  heat  by,  212 

electrical  conduction  bj,  268 

fiilminatee  of,  370 

—  qrmbol,  eqnivalenty  and  physical 
prapertiea  of,  496 

•— ^  Mdnbility  of,  in  mercniy,  427 

monobane  phosphate  U,  436 

— ^  bibaaio  phoiphate  of,  436 

—  elsotricd  eondnotioDbj,  549 
fiinipU  ciieuit  of  Tdtaio  forces  404 


.  Siphon -gauge,  30  nuie 

!  Six-sided    prism    funned    of    oblong 
spheroidical  particles,  93 
Skin,  sense  of  touch  in  the,  6 
Sling,  clastic  power  of  the,  12 
Smell,  knowledge  derived  from  the 

sense  of,  1 8 
Snow,  absorption  of  heat  by,  226 
Soap-bubble,  contraction  of  a,  16 

variation  in    tlie  colours  of, 

explained,  189 
Soda,  source  of,  420 

means  of  preserving,  421 

ammonio-phosphato  of,  437 

bibasic  pliospluitc  of,  436 

—  tribasio  phospliate  of,  436 

binarseniate  of,  438 

phosphate  of,  437 

biphosphate  of,  437 

—  neutral  arscniate  of,  436 

subarseniate  of,  438 

Soda-water,  mechanical   compression 

of,  70 
Sodium,  congealing-point  of,  137 

combination  with  chlorine,  373 

means  of  obtaining,  420 

symbol,  equivalent,  and  physical 

properties  of,  426 
Sohmia,  source  and  formula  of,  630 
Solar  heat,  compared  witli  terrestrial, 

223 

light,  analysis  of,  180 

■^—  phosphori,  461 

niys,  sifting  of  the  calorific  from 

the  luminous,  226 
general   chemical    action  of, 

453  et  aeq, 
on  the  relative  chemical  action 

of  different  rays,  456  et  $cg. 
^•^  spectrum,  180  note 

lavender  rays  of,  182 

lines,  or  bands  in,  183 

184  note 
place  of  maximum  tempvruture 

in,  218 

chemical  action  of,  436 

bleaching  nyn  of,  458 

Solid  bodies,  porosity  of,  8 

Solids,  method  of  taking  the  specific 

gravity  of,  26 

torsion  of,  SO 

flexure  of,  SO 

osciUationi  of,  44 

gravitation  of,  48 

properties  of^  63  #f  eeq, 

effect  of  pulverisation  upon  the 

cohesion  d^  51 

brittlenen  of,  54 

^—  Gompresribility,  54 

3  C  » 
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Solids,  ductililf  ot,  S4 

iniJIesbilit;  of,  i* 

filtration  ot,  from  liquids,  64 

solutioD  of,  68 

to  recover  from  Bolution,  77 

cTyitalline  geometrical  fonm  of, 

ai 

ezpuiBioQ  of,  by  heat,  lOS 

mcoBuremeiit  of  heftt  1^,  110 

lawBof  theexpomioiiof,  by  htat, 

114 
tftble  of  progreMive  dilatation  of, 

lie 
expauuon  o(  compared  with  th>t 

of  liquids,  118 
— — conduction  of  heat  by,  131 

refraction  of  li^t  by,  178 

action  of  adhesion  in,  441 

atmnic  w^hts  and  densities  of, 

693 
Solotian  of  solids,  68 

of  air  in  water,  68 

of  glass  in  water,  60 


against  grari 

(tf  metals,  30 


lEBiBi^d  by  coheaion,  441 

Solutions,  distinguialied  from  mixture!, 
71 

'phenomena  of  affinity  in,  460 

Solvent  powers  increased  by  heat,  I4S 
Solvenla,  limit  lo  their  action,  60 

action  of  heat  npco  tbe  power 

of,  70 


, ae  of,  43 

irience  of,  43 

velocity  of,  44 

raflection  of,  44 

■ttiuieal,44 

Bounding-lMMid,  prindple  of  thc^  < 
8owii^deatrieal,S7e 

owiaec^eleatriaal,9BB 

8pwk  natnra  c€  the  diiaharga  of  an 


sjsr-" 


—  gnv%wn 

■^  -^»of  porom  MMIM^  ttld  fla  pov* 
dn^30 

-  —  of  nnooi  owiiiiwiiiih  t 
ftam   thiir  aqolTdaBli  en 


Specific  gravity  of  iaomorjifaoai  Utdiw, 

691 

gravitiea,  ataodarAi  of,  26,  SI 

table  of,  W 

correction  of,  in  relation  to  lem- 

pcrature,  1 19 

heat,  131 

relation  of  atomic  weigtitt  to, 

684 
Spectra,  aolar,  183 

fi-om  artifidal  li^ta,  181 

of  Newton's  rings,  190 

Spectrum,  refrangibility  of  nys  of,  IBl 
Spermaceti,  latent  heat  of,  137 

electrical  inaiilating  power  of,  MK 

neutral  fhtty  base  from,  618 

acid  from,  618 

Spherical  atoms,  93 

Spiraa  ulmaria,  pectdiar  prodnct  o    €S> 

Spirit,  pyroxylic,  S54 

^irits,  lemperaturo  for    taking   llu 

specific  gtaTity  of,  1 19 

dutillatiOQ  of,  IB  vacua,  141 

Spirit*    of   turpentine,    r^actJon  iif 

light  by,  178 
^■^  —  clectri^   indnetian  thnaik, 

347 

Spirits  of  winc^  ipecifio  gnni^  d,  N 

expansion  of,  bjr  faea^  in 

for  thecmometen,  Ut 

boiling>paint  a£,  190 


1,147 

flame  of,  3a 

Spongy  platinnm,  BetioB  €£,  ■■  mh» 
■ua,441 

action  of  l^ydngiBai^  Ml 

akobol  inj[«BMiliwl  }f,tU 

Spnitaneoos •vapoi    •        •- 


oT  tb^U 


tailing  spedfic 

of  •pe«^o  k«at,  Ul 
Standard*  cf  vxdtj  tor  the  iij4iimJw 
of  dtcmicaJ  cunilunalioM,  811,111 
Stannum,  lee  Till 
Slsrch,  actiou  of,  on  lodia«,  Hi 

orguniioUun  ot,  CIS 

SlarcliiCOinponndof,  wfthogtUMt  bM 
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Starch,  yarieties  of,  616 

changed  into  gnm  by  heat,  616 

action  of  sulphuric  acid  on,  616 

action  of  diastase  upon,  643 

Starch-sugar,  formula  of,  615 
Steam,  specific  gravity  of,  34 
reduction  of  its  elasticity  by  ab- 
straction of  heat,  66 

—  —  by  pressure,  66 
diffusiveness  of,  76 

— ^  use  of  the  heat  in,  138 

gradual  formation  of,  139 

of  high  pressure,  142 

table  of  the  force  and  'tempera- 
ture of,  143 

—  temperature  of,  144 
latent  heat  of,  146 

—  law  of  its  density,  146 

'—^  relative  amount  of  sensible  and 

latent  heat  in,  146 
substitutes    for,   as    mechanical 

powers,  147 
force  and  weight  of  a  cubic  foot 

at  different  temperatures,  140 
—^  retention  of  the  latent  heat  of,  160 
symbol   of   its   composition    by 

volume,  326  note 
Steam-engine,  principles  of,  148 

electrical  states  in  the,  287. 

Stearic  acid,  means  of  obtaining,  616 

formula  of,  617 

source  and  formula,  618 

Stearin,  616 

formula  of,  617 

Stearopten,  nature  of,  632 

Steel,  linear  expansion  of,  by  heat,  103 

^^  — saturation  of,  with  magnetism, 

298 
«—  —  chemical  composition  of,  431 
Stibium^  see  Antimony 
Still,  phenomena  of  latent  heat  in  the, 

138 
Storms,  magnetic,  302 
Strontium,  symbol  and  equivalent  of, 

426 
Structure,  influence  of,  upon  vibration, 

46 

■  influence  of  vibration  upon,  46 
Stiychnia,  properties  and  formula  of, 

020 
Subaneniote  of  soda,  438 
8nb-oartmretted  hydrogen,  properties 

of^SflO 
Bab-nitrKte  of  copper,  constitution  of. 


Bnb-ozides,  480 
Sob-Mlti^  oonititatioB  of,  430 
Suberio  addy  Mniroe  and  Ibmiala,  618 
Soddiig  ponp^  deMribedy  36  naif 


Sugar,  cr3rstalline  character  of,  07 
I  boiling  of,  in  vaeuoy  141 

decomposition  of,  61 1 

compound  with  baryta,  612 

compound  with  lime,  612 

compound  with  oxide  of  lead,  612 

produced  from  starch  and  lignin, 

616 
Sugar-candy,  crystallization  of,  178 
Sugar  cane,  product  of,  616 

of  fruits,  formula)  of,  616 

of  milk,  formula  of,  616 

Sugars  and  their  congeners,  616 
Sulpliate  of  ammonia,  formula  of,  436 
formation  of,  on  glass  win- 
dows, 444 

electrolytic  name  of,  636 

baryta,  formation  of,  300,  446 

cinchonia,  crystalline  character 

of,  07 

'  copper,  crystalline  character  of, 

07 

—  diathermancy  of,  220 

water  of,  430 

action  of  muriatic  acid  on,  446 

electrolytic  name  of,  636 

electrolysis  of,  636 

iron,  crystalline  chiuucters  of,  07 

magnesia,  crystalline  characters 

of,  07 

-  methule,  666 

-  morphia,  composition  of,  628 

-  nickel,  change  in  the   internal 
structure  of,  99 

-  potash,  crystalline  characters  of, 

07 

Uitent  heat  in,  138 

—  formation  of,  446 

-  soda,  solubility  of,  70 

-  —  crystallization  of,  70 

radicle  of,  436 

action  of  phosphoric  acid  on, 

446 

zinc,  crystalline  characters  of,  07 


.  change  in  the  internal  struc- 
ture of  crystals  of,  00 

formation  of,  462 

Sulphates,  correspondence  of  atomic 
weights  and  specific  heats  in  the, 
686 

Sulphocyanide  of  lead,  661 

^  potassiimi,  6(H) 

Sulphocyanides,  means  of  obtaining, 
661 

Snlphocyanogen,  660 

Snlphomethylio  add,  666 

Salphovinate  of  etherine^  040 

Sulphovinic  add,  Ibrmub  of,  040 

Sulphur,  orystalliaation  of,  68 


ft 
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Bulphnr,  dimorphkin  of,  98 

specific  heat  of,  133 

congealing-point  of,  VH 

polsrization  of  light  by,  IW 

specifio  inductive  ca^aiMy  of,  265 

sources  of,  393 

properties  of,  393 

dimorphism  of,  393 

flowera  of,  394 

combiiwtioiu  with  hydrogon,  394 

combinationa  with  oxTgen,  396 

combiiistioQ  with  cvbon,  400 

comtanaUon  with  chlorine,  401 

antdogy  of,  to  seleaium,  401 

comldnaUoiia  with  the  mebds,  430 

in  ve^table  oils,  634 

combination  wi^  ojonogra,  660 

Snlphoret  of  uitimonjr,   dissMtion  of 
it*  dTstallizUion  by  heftt,  S7 


3SG 
carbon,  boiling-point  o^  144 

re&iction  wf  light  by,  178 

iron,  M  a  Mnrce  for  bydro-sul- 

phnric  «oid,  394 
lead,  diasectioQ  of  the  crystal  o^ 

86 

voltaic  conduction  by,  M8 

potaamnm,  an  aitifidal  aonrce  fot 

deuto-sulphuretted  hydrogen,  39S 

voltaic  coodoction  by,  642 

Bilver,  voltaic  oondnction  by,  WJ 

BulpburetB,  formation  o^  394 

characten  of,  429 

Sulphuretted  hydrogen,  liqatdootion  of, 

163 

refraotion  of  light  by,  178 

((MHydro-eulphnric  acid,)  394 

hypo-sulphuront  aoid,  formation 

of,  400 
Bnlphoric  add,  mixture  of,  with  water, 

71 

boiling-point  of,  144 

re&«Dtion  of  light  by,  178 

disperuoD  of  light  by,  183 

diathermancy  of,  220 

action  o^  open  oxalic  acid. 


367 


nof,3! 


properties  of,  397 

relations  to  wat^,  397 

tubydrons,  397 

decompodtwo  of,  by  heat,  397 

constitution  oi,  398 

action  of,  on  oxide  of  tine, 

434 


Talc,  I 
TaUon 
Tange 
Taanii 
T^iioc 
Tartar 


Tailn 
TartM 

Taste, 

TiTW 

h. 

Tea-le> 
Techn 
Telegr 
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Telluriiim,    symbol,    e<|uivaleiit,    aiid 
]i1iy4ical  charnctors  of,  42(j 

hydriiret  of,  431 

'IVinpcTatiiro,  99  et  trq, 

ill  n.'lation  to  oi>acity,  98 

in  reUtiuu  to  dimorpliisin,  98 

catiiuute  of,  by  sensation,  101 

balance  between  expansion  and, 

no 

at  which  wei|;hts  and  mcasarcs 

ure  adjusted,  1 19 

rffeet  of,  upon  specific  [gravities, 

119 

tolerance  of  a  high  temperature, 

by  man,  123 

cause  of  nio<lerated,  128 

diiference  of,  from  heat,  lliO 

in  relation  to  condensation  and 

dihitation,  133 
rise  of,  upon  the  mixture  of  cer- 
tain liquids,  134 

in  relation  to  colour,  217 

thermo-electric  test  of,  558 

»e€  Heat  and  Cold 


Tension,  electrical,  laws  of   the  in- 
crease of,  257 

Ternary  acid  compounds,  021 

Terrestrial  equator,coincidencc  of,  with 
the  magnetic,  301 

heat  compared  with  solar,  223 

magnetism,  300 

currents  of,  301 

—  intensity  of  the  force  of,  acting 

upon  the  needle,  302 
—  imitation    of    the    principal 


phenomena  of,  573 
effects  of,  585 


Tctrahedrol  octohedron,  91 

tetrahedron,  91 

Tetrahedron,  figure  of,  81 

formed  of  spherical  particles,  93 

Thebaia,  source  and  formula  of,  630 
Theophrastvs,  on  amber,  14 
Theory  of  the  universe,  6 

of  types,  642  note 

Theories,  formation  of,  4 

development  (^,  into  facts,  5 

Thermo-electric  batteries,  558 

couples,  555 

powers     of    different     metallic 

couples,  557 

current  intensity  of,  558 

—  compared  with  hydro-eloctrio 

currents,  558 
^  magnotio  rotation  caused  by. 


Thermo-electricity,  compound  circuits, 

506 
crystalline  structuiv,  in  relation 

to,  556 
intensity  of  currents,  557 


Thermo-electricity,  science  of,  664 

effects  resulting  from  combiua- 

tioDs  of  diiereiii  mctab,  666 


Thermometer,  inventi<»n  of,  104 

Ijrinciple  of  the,  104,  110 

Saxctorio's  air,  104  note 

Lrslie's  differential,  105 

methoil  of  making  the,  106 

graduation  of,  106 

mercurial,  U>6 

Faiiremiieit*s,  107 

Reaumub*b,  107 

Celsius*,  107 

centigrade,  108 

com})arison  of  the  scales  of,  108 

tests  of  good,  109 

metallic,  110 

the  platinum,  110 

thenuo-eloctric,  558 

Thermometric  scales,  107 

comparison  of,  108 

TiiiLORiEB,  M.,  ap|>aratus    for    the 

liquefaction  of  gaB<«,  by,  161  iwte 
Thorinum,  symbol  and  ecpuvalent  of, 

426 
Thunder,  electrical  phenomena  of,  287 

et  seq. 

cause  of  the  sounds  of,  289 

Time, an  important  element  in  force,  16 

in  relation  to  vision,  167 

telegraphing  of,  581 

Tin,  strength  of,  47 

dissection  of,  by  weak  acids,  87 

cr}'Htalline  dissection  of,  87 

dissection  of,  by  mercury,  88 

linear  exiiansion  of,  by  heat,  103 

progressive  dilatation  of,  116 

conduction  of  lK»at  by,  121 

latent  heat  of,  137 

congealing  point  of,  137 

-  electrical  conduction  by,  268 

-  symbol,  equivalent  and  physical 
pro]>erties  of,  426 

electrical  conduction  by,  549 


Tin-stone,  reduction  of,  421 

Tincal  of  commerce,  417 

Titanium,  hardness  of,  423 

8}'mbol,  equivalent,  and  physical 

properties  of,  426 
Tobaicco-leaves,  organic  base  from,  630 
Tola  balsam,   refraction  of  light  by, 

178 

Topaz,  hardness  of,  53 

CTTStalline  characters  of,  97 

Ton>edo,  505 

electrolytic  and  magnetic  cffeciif 

produced  by,  506 


Totpedo,  deaeiiptko  of,  906  nob 
—  cJectrical  organ  of,  600 
ToBKicELLi,  his  discovery  «f  sb 
■pheric  wtagkt,  34 


Urek, 


Toraioii-g>lvaii  wneter  ofD«.BiTCHim, 

46Siu(c 
Toncb,  delicacy  of  the  sense  ot,  8 

as  a  means  of  knowledge  B 

Taannalin^  GryttaUiDe  chancten  of, 

97 

action  of,  apon  light,  195 

diathermancy  of,  22l( 

electrical  phenomena  of  the,  28S 

disposition  of  the  electric  forces    - 

io,2»7 
Tiade  winds,  128 
Transfer  of  elements,  473 
l^ansitioa  point  of  liquids  intc 

poon,  164 
Transparency  in  rdation  to  diather- 
mancy, 220 
TVanqiarent  imdies,  refraction  of  light 

by,  177 

dispersion  of  light  by,  1S2 

lingular  dodecah^nm,  figure  of,  81 

Tribasic  phosphates,  435 

Tnto-hydrate  of  phosphoric  acid,  410 

Tntoiides,  defiuition  of,  33S 

Trough,  Toltaits  503  Falmi 

Tnning-fori^  described,  43  noM  Valeri 

Tungsten,  ^mbol,  equivalent  and  phy-    Vanad 

aical  properties  of,  426 

atomic  weight  and  denrity  ot,  693 

Turkey  red,  639 
TcaHBULLsblnc^SOO 
Turpentine,  oil  of,  633 

oxide  of,  634 

I>pes,  theory  of,  042  note 

ITLTiHATe  molecoles,  te  Atoms 

Ultimate  organic  analysia,  COS 

by  Pbout'b  Method,  607 

LiEBia's  apparatus  for,  609 

particles,  relative  weigbU  of,  679 

theories  of,  679 

Me  Atoms 

Undulation,  («b  Wave,)  169 

Undulatary  bjpotheais  of  light,  l«8 

confirming  annlogies  of,  169 

confirmed  by  the  iuterference 

of  oaves,  188 

application  of,  to  the  pheno- 
mena of  heat,  208 

Uaiaxal  cryataU,  96 

Unit  jar,  262 

Unannealed  gluas,  phenomena  of  pola- 
rized light  presented  by,  202 

Uranium,  symtiol  and  eqnivakiit  of,426 
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VegetaUes,  respiration  of,  318 

spontaneous  decompoeitionofy  360 

Vegetation,  influence  of  light  on,  460 

Velocities,  measured  by  musical  notes, 
44 

Velocity  of  motion,  11 

matter  in  vacuo,  21 

sound  in  air,  44 

gases  rushing  into  a  Tacuum,  76 

Ught,  170 

relation  of  media  to,  171 

electricity,  273 

Ventilation  of  dwelling-houses,  127 

mines,  127 

public  buildings,  128 

Veratria,  source  and  formula  of,  630 

Verairum  album,  organic    base   from, 
630 

Verairum  tahadiUa,  organic  base  from 
the  seeds  of,  630 

Vibration,  causes  of,  43 

isochronous,  43 

dependent  on  the  structure  of 

bodies,  44 

nodal  lines  and  points  in,  45 

mechanical  power  of,  46 

effect  upon  molecular  arrange- 
ment, 46 

effect  upon  fibrous  structures,  89 

distingvdshed  from  a  wave^  \€Q 

interference  of,  188 


Vinegar,  latent  heat  of,  145 

manufacture  of,  651 

Vinous  fermentation,  643 

Viscosity,  56 

in  relation  to  convection  of  heat, 

125 
Vision,  less  delicate  than  touch,  6 

loiowledge    derived    from   the 

sense  of,  18 

phenomena  of,  167 
Visual  impressions,  period  of,  167 

fa™»H«M-  prooft  of,  168 

— *  a  photometer  founded  on,  172 
Vitreons  and  resinous  electrical  states, 

831 
Vdlatile  oils  and  resins,  632 

table  of,  634 

VoLTA,  discovery  of  the  pile  by,  501 
« CouronfM  (to  Tastes**  by,  502 

noff 
Tolta-electric  induction,  582 
Volta-emlKwring^  process  of,  554 
Volta-enmving^  art  of,  553 
Vottapetdiin^  art  o^  554 
Volte-platings  art  of,  553 

Volte-iypiogy  ait  (4  ^9 
'—  apparatus  for,  558  nolf 
^— qpplicationi  oi^  553 


Voltaic  actions  compared  with  elec* 

trical,517 

source  of,  523 

batteiy,  ^omental,  496 

batteiy,  dissected,  496  et  teq. 

improvements  in,  502  et  teq, 

liquid  for,  503 

constant  batteiy,  504  ei  teq. 

—  effect    of    weather   on    the 

power  of,  506 
effect  of  heat  on  the  power 

of,  506 

degrees  of  resistance,  515 

the  water-battery,  517 

electrical  induction  by,  517 

—  polarity  of,  519 

electrodes  of,  521 

— .  platinode  of,  521 

— -  convecting  chaise  of,  521 

— -  zincodo  o^  521 

—  —  PRorEssoa  6chokbein*8, 
530 

cause  of  the  current,  530 

— •  —  double  diaphragm  cell  for,  533 
-^—  —  M.  Becquebel's,  538 

—  —  primary  results  of,  540 
— ^—  —  secondary  results  of,  540 
-^—  —  disruptive  discharge,  545 
Br.  Hare's,  546 

— ^—  —  disruptive    discharge    under 

water,  547 
-^—  —  Wheat btohe's  telegraphic, 

577 
— —  cell,  resistances  in,  488 
^—  chaige,  convecting,  521 
^—  circuit,  mechanical  illustration  of 

the  convective  power  of,  472 
— —  —  length  of  the  liquid  portion,  476 
chemical  nature  of  the  liquid 

portion,  476 

—  completion  of,  496 

the  simple,  501 

measure  of  the  elective  force 

of,  507 

— ^  —  contrary  affinity  of,  509 

point  of  magnetic  action  in 

the,  561 

—  length  of  wire  in  relation  to 

dischaive,  591 

^-^  —  sel^indnction  of  the  conduct- 
ing wire,  504 

-^—  compositionB  and  decompositionsy 
478  et  teq. 

conducting  plates^  465 

—  conducting  wire^  effect  of,  upon 
the  magnetic  needle,  561 

-^—  condnctOFy  owontial  oonditiona  of, 
464 

—  eomnti  wiitwnn  to,  465 


Ti^^  — IIM,  ^MjM—^gl  Vk« 


J  ^  Sma  aiwgl  I  ■! 


INDEX. 


763 


Water,  analysis  of,  by  heated  iron,  320 
decomposition  of,  during  the  for- 
mation of  sulphate  of  zinc,  320 

formation  of,  synthetically,  323 

chemical  name  of,  334 

cause  of  the  softness  of  rain,  348 

equivalent  of,  on  the  hydrogen 

scale,  350 

in  combination  with  cxystals,  367 

definite  combinations  of,  370 

of  composition,  370,  371 

acids  insulated  by,  371 1 

substitutions  of,  in  composition, 

371 
combination  witli  metallic  oxides, 

371 

saturation  of,  with  gases,  37fi  note 

relations  to  sulphuric  add,  397 

combinations     with    phosphoric 

acid,  410 

abstraction  of,  from  acids,  433 

of  composition,  or  of  crystalliza- 
tion, 439 

constitutional,  439 

economy  of,  to  affinity,  441 

decomposition  and  formation  of, 

449 

quantity  of  electricity  requisite  to 

decompose  a  drop  of,  545 
decomposed  by  magneto-electri- 
city, 588 
determination  of,  in  oi^ganic  ana- 


lysis, 610 
Water-bath,  33 
Water-battery,  517 
Water-hammer  described,  8 
Wave,  nature  of,  1C9 
distinguished  from  a  vibration, 

169 

interference  of,  188 

Wax,'congealing-point  of,  137 

sources,  properties,  and  analysis, 

636 
Weather,  phenomena  of  cloudy,  158 
Weber^s  experiments  upon  touch,  6 
Wedgeware,  progressive  dilatation  of, 

116 
Wedgwood,  Me.,  Pyrometer  by,  1 1 1 
on  the  chemical  action  of  light, 


463 


W 


eighing,  philosophy  of,  24 
—  double,  86 


Weight,  definition  ci,  IS 

opposed  to  elastioity,  IS 

->^~  the  efibrt  which  measnxes,  SI 

of  ultimate  particles,  679 

Weights  and  measores,  temperature  at 

which  they  are  ad|jiiBt«d,  119 
atomic^  678  ei  teg. 


Weights,  comparison  of  atomic  with 

equivalent,  683 
Weiss,    his    systems    of    crystalline 

forms,  96  ei  teq. 
Welding  of  platinum  to  glass,  65 
Wells,  De.,  on  dew,  215 
Wheat 8 tome,  Professor,  musical 

notes  used  to  measure  velocities 

by,  44 
on  the  propagation  of  sound, 

169 

photometer  by,  172 

on  the  velocity  of  the  electric 

discharge,  273 
method  of  determining   the 

values  of  contrary  affinity,   by, 

609 
—electro-magnetic  engine,  by, 

575 
electro-magnetic  telegraph  of, 

676 

electro-magnetic  clock,  by,581 

magneto-electric  battery,  by, 

688 
Wheel-barometer  described,  36  note 
Whewell,  Professor,  on  the  philo- 
sophy of  science,  3 

on  M.  HaDt's  hypothesis,  92 

definition  of  polarization  by, 

195 
White  indigo,  637  et  Meg. 

formula  of,  640 

White  of  eggs,  nature  of,  619 
Willows,  neutral  principle  from,  631 
Wind,  increase  of  cold  by,  123 

effect  of,  upon  evaporation,  150 

Winds,  course  of  the  tiude,  128 

temperature  of,  129 

restore  the  balance  of  the  atmo- 
sphere, 158 
Wine,  heavy  oil  of,  649 
Wines,  omanthic  acid  from,  618 
Wire,  lateral  electric  induction  from, 

269 

fused  by  electricity,  270 

Wire-drawing,  89 
Wire-gauze,  effect  of,  on  flame,  363 
Wolfiamium,  eee  Tungsten. 
WoLLASTOir,    Dr.,   observations   on 

hearing,  by,  44 

on  the  growth  of  ciystals,  80 

his  reflecting  goniometer,  82 

his  crjrophoms,  141  and  noie 

improvonent  in  the  voltaic  pile, 

by,  603  noie 
WoLLASTow,  AncflDKACOir,  thermo- 

metric  apparatna  for  measuring 

the  heights  of  mountains,  by,  142 

andnoCs 
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Wood,  conduction  of  heat  tn*,  ISI 
product  of  destmcUve  dbtillation 

of,  CM,  e7e 
'Wood-soiTol,  nit  in,  3&8 
Wool,  conduction  of  hoot  by,  129 
WouLrt'i  apparatus  for  the  wtuntioD 

of  wator  with  the  aolublo  gaiea, 

Wronght  copper,  strength  of,  47 
Wroiuht  iron,  progreaaive  dilatation 
of,  116 

Yeast,  action  of,  ftl3 

hypotheses  concerning  the  action 

of,  64ft 

YouKo,  na^  on  the  cucape  of  va- 
pours into  the  alinospliere,  148 

Yttrium,  symbol  and  equivalent  of, 
428 


Zinc,  progreMiv*  dibtation  of,  116 

conduction  of  beat  by,  ISl 

q>ecifie  hesit  of,  133 

■      of.  137 


nhy,3( 


latent  heat  of,  137 

electrical  conductioi 

action  of  sulphur 

water,  320 
^Fmbol,  eqniTalent,  and  phfKi 

properties  of,  436 

oxidation  of,  482 

combustion  of,  462 

affinity  o^  for  chlorine,  478 

action  of,  upon  dilute  sulphsr 

acid,  476 

electrical  conduction  hy,  M9 

Zircon,  coloured  rings  produced  by,  31 
Zirconium  ,Bymbol  and  equiTaleulof^ 
reduction  of,  479 


PROSPECTUS 


OP 


THE  COURSE  OF  LECTURES  AND  DEMONSTRATIONS  ON  THE 

THEORY  AND  PRACTICE 


OF 


CHEMISTRY, 


BV 

JOHN  FREDERIC  DANIELL,  Fob.  Sbc,  R.S., 

Pntfeasor  cf  ChetnUirjf  in  Kinft  College^  London^ 
And  Lecturer  on  ChemUtry  and  Geology  in  the  Han,  East  India  Company* $ 

Military  Seminary  at  Addieccmbe; 

AND 

W.  A.  MILLER,  M.D., 

Demonstrator  <jf  Chemittry  in  Kin^e  College^  Limdon, 


PART  I. 

COMPRIBES  A  PREPARATORY  YIBW  OF  THE  FORCES  WHICH  CONCUR  TO  THE 

PRODUCTION  OF  CHEHICAL  PHENOMENA;  AND  OF  THE 

INORGANIC  ELEMENTS  AND  COMPOUNDa 

Tlito  Dirialon  of  the  Coone,  which  oocniriGS  fhmi  the  begliming  of  October  to  the  e^ 

toipecUUyedmptedto  the  Mfttrionlation  Kiemlnatlon  of  the  UnlTtrri^y  of  London,  md  may 
he  attended  eepuBtely. 

PART  II. 

CUBBSNT  AFFINITY   AND  ITS  ASSOCIATED  CAUSES;  ORGANIC  CHEMISTRY, 

ORGANIC  PRODUCTS  AND  THEIR  METAMORPHOSES;  AND  THE 

CHEMICAL  PROfOIPLBS  OF  PHYSIOLOGY. 

TMepMrtomniMBOMatthcbigtBBlmof  FUviiii7t«DdclCMialtheciidof  April. 


u 


COURSE  OF  LECTURES  ON  CHEMISTBY. 


The  Sabjeoto  are  arranged  as  follows : — 

PART  I. 


I.  Varixtibs  of  Forcb. 

1 .  Nature  of  Matter  and  Force — Aionui 

and  IdaABes — Motion  and  Equili- 
brium— Varieties  of  Force— Ex- 
ternal, Internal,  and  Polar  Forces. 

2.  Laws  of  Gravitation — Weight — Spe- 

cific Gravity. 

3.  Homogeneous  Attraction  and  Repul- 

sion— Laws  of  Elasticity — Physical 
States  of  Matter,  soUd,  liquid  and 
aeriform — Crystallization. 

4.  Heat  and  Light — Temperature— Spe- 

cific and  Latent  Heat — Radiant 
Heat  —  Light  —  Reflection  —  Re- 
fraction— Polarization,  &c.— The- 
ory of  Colours. 

6.  Heterogeneous  Attraction — Adhesion 
—  Solution  —  Mixture  —  Gaseous 
Difiusion — Elndosmoee,  &c. 

6.  Electricity —  Excitement  —  Condi^s- 

don  —  Insulation  —  Induction  — 
Charge  and  Discharge — Accumu* 
lation — Specific  Induction — Atmo- 
spheric Phenomena. 

7.  Magnetism — Induction — Terrestrial 

Phenomena. 


8.  Chemical  Aflinity— Laws  of  Definite, 
Dfultiple,  and  Equivalent  Pni|Mr- 
tions — Different  Species  of  Mstter, 
Simple  and  Compound— Clanal 
Elements  —  Chemical  Ekmeoti, 
&c 

II.  Inorgamic  Chsbcistrt. 
1.  Non -metallic  Elements. 
2*  Metallic  Elements. 

3.  Primary  Compounds. 

4.  Secondary  Compounds. 

6.  Concurring  and  Opposing  Forces. 

In  this  diviHon  of  the  Courtt  are  cemprittA: 

The  Rztnctlon,  Frepantioa,  end  Properfki 
of  the  Non-MetaUio  Eleawnts  end  thdr  Con- 
poonds. 

The  ManufiBCtiuee  ot  OU  ^  Vitrioi,  Sod^ 
Alum,  Saltpetre,  QunpowUr,  Coal-Oas,  he. 

The  Bxtmetion  and  Refining  of  Metila. 

The  Proces  of  AMta^ng ,-  CupeUation,  Qutr- 
tation,  &c;  Irot^/bumdriei,  Copper  AmUuv, 

&0. 

The  ManofiMtnns  of  €fla$$,  PortOain,  Ce- 
mmtt,dic 

Preeiieiue  of  Testing  and  Analyifa. 

The  Degaerrotype,  Calo«7pe,  &o. 


PART  II. 

III.  CURRBNT  AFFINiry  AND  ASSOCIATED 

Forces. 


1.  Current  Affinity — Single  Circuits — 

Compound  Circuits — Voltaic  Bat- 
teries— Ohm*s  Theory — Laws  of 
Electrolysis —Primary— Secondary. 

2.  Electro-Magnetism— Accumulation — 

Rotations. 

3.  Magneto-Electricity  —  Volta-electric 

Induction — Saxton's  Machine. 

4.  Thermo-Eleetrioity  —  Eleotro-Ther- 

mancy. 

UneUr  these  heade  are  expUtined,"' 

The  arte  of   Volta-typing— yolta>platfitgi— 
Volta-engraving— and  the  Electric  Telegraph. 

Magnetio  Machines,  &o. 

IV.  Organic  Chsmistrt. 

Organic  Products — ^^Principles  ai^d  Pro- 
cesses of  Analysis. 

Organic  Radicles — Calculation  of  For-  | 

ALIMENTARY. 

1.  Sugar,  Starch,  &c 

2.  Fixed  Oils,  &c 

3.  Albumen,  Gelatine^  &c. 


NON-ALIMBNTART. 

1.  Acids. 

2.  Bases. 

3.  Resins,  &c. 

4.  Colouring  Matters,  &.c 

M  ETAM  ORPHOSBS. 

FermeQtatioa  —SacckariPU'^Fimcui^JAeUe 
'-Acetic, 

Etherifloatlon. 


Cyanogen  and  its 
add-^AOoxan,  &c. 


oomponnda— tTree   Urk 


Bensule  and  its  oompomtd^—Bpdrate-^Mm- 
zoic  acid,  iko. 


Salionle  and  Its  oompoonda— ^m 


.*cu 


CHEMICAL  PRINCIPLBS  OF  PKYSIOLOOT. 

Oiganio]  Funotiona-OtfrmiiMKiVm,  Digeetion, 
AteimiUUion,  RetpiratUm,  Amitmal  Heat,  Seere- 
Hon,  &0. 

Vn^tr  tke  head  of  Organic  Chemistry  art 
included  .- 

Applications  to  Agriealtore—Theoiy  of  Ma- 
nnvee,  Aeo. 

Mannfaotaieaof  Wine,  Beer,  Vineoar,  Bread,- 
DieHttation,  ^ui. 

Bxtraotion  of  Sugar /r«m  the  Came,  Beet-roet, 
Sugar  Ri^flning. 

Prooeeaee  of  Bleaching,  Dpeimg,  Cedico-Frinl' 
ing;  Soap-Makingi  Tannit^,  *e. 


COURSE  OF  LECTURES  ON  CHEMISTRY.  iii 

It  is  a  primary  object  of  these  Lectures,  throughout,  not  only  to  verify  the 
rcsullH  of  the  reasoning  by  experimental  illustrations,  but  to  elucidate  the 
grand  Piicnomena  of  Nature,  and  explain  the  Combinations  of  Art,  in  the 
processes  of  Afetallurgp,  of  the  Pharmacopaia,  of  the  principal  Mantifaeture9y 
and  of  Dometiio  Economic. 

The  Lectures  are  given  from  Three  to  Four,  on  Mondays,  Tuesdays, 
Tliursdays,  and  Fridays. 

Isaboratory  Ciassea  areformedy  and  Private  Instruoiion  given  in  Operative 
Chemistry^  by  the  Professor  and  Demonetrator, 

A  Course  of  Instruction  in  Chemical  Manipulation  is  given,  in  a 
Laboratory  fitted  up  for  the  purpose,  by  Br.  Miller,  under  the  superinten- 
dence of  the  Professor,  on  Mondays,  Wednesdays,  and  Fridays,  at  a  quarter 
post  Ten  a.m.    It  consists  of  Thirty  Lossons,  of  two  hours  each. 


Further  Particulars  may  be  had  bt  appltino  at  King's  College. 
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NOW  READY. 

QBSERVATIONS  upon  THE  TREATY  of  WA8H- 

^^  INGTON,  sifted  August  9th,  1842.  By  GEORGE  WILLIAM 
FEATIIERSTONHAUGH,  Esq.,  F.R.S.,  F.G.S.,  late  One  of  Her  Majesty's 
CommissionerB  for  the  North  American  Boundary.     Octavo,  with  Map,  3s. 


AN   INTRODUCTION  to  the   STUDY   of  CHE- 

MICAL  PHILOSOPHY ;  being  a  preparatory  View  of  the  Forces  which 
concur  to  the  production  of  Chemical  Phenomena.  By  JOHN  FREDERICK 
DANIELL,  F.R.S.,  Professor  of  Chemistry  in  King's  College,  London.  With 
numerous  Illustrations.    New  Edition,  Revised  and  Enlaiged,  21s, 


A  SYSTEM  of  LOGIC,  Ratiocinative  and  Inductive; 

being  a  Connected  View  of  the  Principles  of  Evidence,  and  the  Methods  of 
Scientific  Investigation.  In  Six  Books.  By  JOHN  STUART  MILL.  Two 
Volumes,  Octavo. 

PRACTICAL  CHEMISTRY  for  FARMERS  and 

LANDOWNERS.  By  JOSHUA  TRIMMER,  Author  of  Practical  Qcdogy 
and  Mineralogy.    6s. 

A  GRAMMAR  of  VOCAL  MUSIC,  for  the  Use 

of  Schools  and  Classes  of  Adults.  Founded  on  the  Method  of  Wilhem,  and 
adapted  to  English  use,  under  the  Sanction  of  the  Committee  of  CouncU  of 
Education,  by  JOHN  HULLAH.    Laige  Octavo,  7s.  bound. 

The  Grammar  of  Vocal  Music  is,  in  its  plan  and  general  detaik,  the  tame  work 
as  the  Manual  of  Wilhim's  Method  op  Txachino  Singing;  but  the  words  of  the 
Songs  are  for  the  most  part  different,  and  more  particularly  fitted  for  the  use  of  Adult 
Clanee :  considerable  addiUons,  also,  have  been  made  both  to  the  theoretical  and  pzao* 
tical  portions. 


m 


NEW  WORKS  AND  NEW 


A  HISTORY  of  CHRISTIAN 

of  Christ  to  the  Destmctioii  of  the  West«m  &n: 
Progress  of  the  eariy  Christian  Churehe*,  and  t 
Corruption.  By  W.C  TAYLOR,  LL.D.,  Trin.  C. 
intendence  of  several  distir^ished  Church  of  Engl 


HISTORY  of  the  CHRISTIE 

the  Ascenmon  of  Jeans  Christ  to  the  Couvetuon 
EDWARD  BURTON,  D.D.,  R^.  Prof.  Oxon. 


A   MANUAL    of  CHRISTIA 

on  Account  of  the  Conatitntioii,  Ministers,  Worsh 
the  Early  Clinrch :  with  a  complete  Analysis  of 
Fathers.    By  the  lUv.  J.  E.  RIDDLE,  M.A.    C 


PRIMITIVE    CHRTSTIANIT 

Ulnstrated  by  the  AcU  of  PRIMITIVE  CHRIS 
RICHARD  MA14T,  D.D..  Lord  Bishop  of  Down 

HISTORY  of  the  CHURCH 

the  LORD  BISHOP  of  DOWN  and  CONNOR. 


HISTORY    of    tlie    CHURCl 

Embracing  Copious  Uiftoriea  of  the  Thirty-Nin 
the  Bible,  and  the  Book  of  Common  Prayer. 
SHORT,  D.D.,  Lord  Bishop  of  Sodor  and  Man. 

PAROCHIALIA;   consisting  o 

!   the   use   of   S^.    George's,   Bloomsbury;   olso   b 
I  SODOR  and  MAN,    4*. 

j  

\  The  SCRIPTURAL   CHARAl 

LISH  CHURCH.  By  the  Rer.  D.  COLERII 
Mark's  Coll^re,  Chelsea.    Octavo,  12t.  Gd. 

The  series  of  Semuma,  bearing  the  above  title,  irei 
and  are  arnuiged  sa  a  connected  vbotc.  The  Antho 
himseir  of  tlic  devottooiil  frame  of  mimi,  presapposed  t 
■psciM  of  coinpoiiltiont  but  ho  hu  not  deemed  it  as  i 
neSB  the  conT«itioniil  bIjIb  of  tlic  pulpit,  fur  which  IheM 
thejr  may,  conBequeDtly,  he  taken  as  a  series  of  Essayi 
of  a  geaenl  work. 
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A  MANUAL  of  MODEL  DRAAVING  and  PER- 
SPECTIVE; on  Exposition  of  the  Theory  aud  Practice  of  the  Method  of  | 
Drawing  taught  to  the  Classes  instituted  under  the  Sanction  of  the  Committee 

of  Council  on  Education.    Copiously  illustrated  by  Plates  and  Wood-cuts.    By 

BUTLER  WILLIAMS,  C.E.,  F.G.S. ;  Director  of  Drawing  Classes  at  Exeter 

Hull ;  Professor  of  Geodesy  in  the  College  for  Civil  Engineers ;  and  Author  of 

PrtKtical  Geodesy, 

n. 

INSTRUCTIONS  IN  DRAWING,  for  the  use   of 

Elementary  Schools,  abridged  from  the  foregoing  "  MANUAL  of  MODEL- 
DRAWING  and  PERSPECTIVE,"  by  BUTLER  WILLIAMS.  With 
numerous  Illustrative  Wood  Cuts,  and  Outline  Figures  of  the  Models. 

j  77ie  abore  Whorls  are  publislied  wider  the  Authority  of  thz  Committee  of 

PHvy  Council  on  Education. 

IIT. 

PRACTICAL  GEODESY;   comprising  Chain   Sur- 

veying,  the  Use  of  Surveying  Instruments,  together  with  Levelling,  and 
Trigtmometrical,  Mining,  and  Maritime  Surveying.    Adapted  to  the  use  of 

;  Land  Surveyors,  and  for  Students  in  Civil,  Military,  and  Naval  Engineering. 

•  By  BUTLER  WILLIAMS,  Author  of  the  preceding  works.  Octavo,  with 
numerous  Illustrations.    128.  Od. 


A  STATISTICAL  COMPANION  to  the  POCKET 

BOOK,  consisting  of  a  variety  of  Tables  and  Statements  from  the  highest  \ 
official  and  other  sources.  By  C.  R.  WELD,  Secretary  to  the  StatisUtol  | 
Society  of  London.    Is.  stitched ;  or  Is.  Gd.  in  i-oan  gilt.  | 

I 

PRACTICAL    GEOLOGY  and    MINERALOGY,  j 

and  the  CHEMISTRY  of  METALS.    With  an  Ixtroductouy  Discourse  on   j 
the  Nature,  Tendency,  and  Advantages  of  Geological  Pursuits.    By  JOSIIUA 
TRIMMER^  F.G.S.    Octavo,  with  Two  Hundred  Illustrations.    I2s. 


The  PHILOSOPHY  of  LIVING;   by  HERBERT 

HAYO,  Esq.,  F.R.S.    Second  Edition,  Qs.  Gd. 

On  tlie  Divenitics  of  Coiuititutiun.  Of  Digestion.  Of  Exercise.  Ph^-aical 
Ednetttion  of  Girls;  Spinal  Curvature.  Of  Sleep.  Of  Batliing.  Of  Clothmg.  Of 
Air  and  Climate.     Health  of  Mind;  Self-control;  Mental  Culture. 

II. 

MANAGEMENT  of  the  ORGANS  of  DIGESTION 

In  HEALTH  and  in  DISEASE.    By  HERBERT  MAYO,  Author  of  4he 
Pm)9op9^  iflMng,  Sfe.    New  Edition,  Of.  Od. 

Jtides  of  Diet  Dor  diftrent  ConatitoticnM.    Treatment  of  Indigestion;  of  Looee- 
teMi  of  CwtlTWHi,    liOeai  Diieaaea  of  the  Lower  Bowel,  and  their  Troatmenk 
t_  ...  ^ 


A  TBEATISE  cf  ie  CORRl 

TCIE.  -■■iTTtTIS-  nd  FaTHEBS.  Iw-   th 
Mi  ?!Zi_ii=  rf  ias  CHURCH  tf  KOME,  f 
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CODIENT^.  EXPLAN'ATOl 


c  -Jii  stoisin.  F 


i  &er.  J.  F.  H0> 


Ah  illustration  of  the  : 

9i(  :^  5X«~   TDfTAXEXI    bt  u«  EaHj 

OeaKiu  «-.ai.i!E3iw  Ciric    Bt  WILLIAM  V 

;  LECTTRES  . ::  DmNTTV,  c 

:  TX&3TT  d  CJLKBBIPGS;  Vj  JOHX  QET, 


i 


Aa  IXDEX  :o  BUTLER'S  . 


T^e  WORKS  of  DOCTOR  I 

AUORD.  3LA_  jm  F^k'  of  Tdhit  CoOq 
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A  JOURNAL  of  CLASSICAL    LITERATURE. 

The  first  Number  will  appear  early  in  1843,  and  be  continued  Quarterly. 
Ctommnnirntiona  may  be  addteased  to  the  care  of  Mr.  Pabkk%  Wett  Strand. 


A  CLASSICAL  LEXICON,  for  the  Use  of  Students, 

containing  an  Account  of  all  the  Plroper  Names,  My  thological.  Historical^  and 
Geographical,  tliat  occur  in  the  Principal  Writers  of  Greece  and  Bomea  Bj 
LEONHARD  SCHMITZ,  Ph.D.,  late  of  the  University  of  Bonn. 

Several  years  liaro  elapsed  since  tliis  Work  was  first  projected  by  a  learned 
foreigner,  and  announcctl  by  the  preHent  pablisher,  but  from  an  earnest  derire  to  render 
it  both  correct  and  complete,  its  appearance  has  been  ftx)m  time  to  time  deferred.  The 
main  difficulties  have,  however,  at  leugtli  been  overcome,  and  such  arrangements  made 
with  Dr.  Schmitz  as  will  ensure  its  publication  at  the  earliest  possible  period. 


Tho     PUBLIC    ECONOMY    of    ATHENS,    by 

PROFESSOR  BOECKH,  of  Berlin.  Translated  from  tho  German  by  G. 
CORNEWALL  LEWIS,  Esq.,  A.M.,  late  Student  of  Christ  Church,  one  of 
the  Translators  of  Mulle&'s  Dorkuu,    New  Edition,  Revised.    Octavo,  18f« 


A  HISTORY  of  the  ROMAN  CONSTITUTION, 

from  the  Earliest  Times  down  to  the  Age  of  Justinian,  by  PROFESSOR 
WALTER,  of  Bonn.  Translated  from  the  Gennon  by  LEONHARD 
SCUMXTZ,  Ph.D.,  and  WILLIAM  SMITH,  PhJ).    In  the  Frets. 


GALLUS;  or,  ROMAN  SCENES  of  the  AGE  of 

AUGUSTUS:  illustrative  of  the  Manners  and  Customs  of  the  Romans; 
from  the  German  of  PROFESSOR  BECKER,  of  Leipsic.    In  the  Press. 

Also, 

CHARICLES;   or,  Illustrations  of  the  PRIVATE 

LIFE  and  MANNERS  of  the  GREEKS.  From  the  German  of  PROlf'ESSOR 
BECKER,    n  follow  the  pMication  qf  GALLUS. 


PINDAR'S  EPINICIAN  ODES,  and  the  FRAG- 
MENTS of  his  LOST  COMPOSITIONS,  revised  and  explainad.  With 
Copious  Notes  and  Indices,  by  the  Rev.  JOHN  WM.  DONALDSON,  MJL, 
Head  Master  of  the  Bury  SchooL    Octavo,  16r. 

By  the  Same, 

The  NEW  CRATYLUS;  or.  Contributions  towards 

A  mora  floimnttt  Knoirlfldge  of  tiw  Gimk  LttUP^    0ctaT0^17«.  >  .  k 


6  NEW  "VVOUKS  AND  NEW  EDITIONS, 

The     SPEECHES     of     DEMOSTHENES,    against 

Aphobua  and  Onetor;  trauslated,  with  Hotea  explanatory  of  the  Athenian  Lain 
and  Institutions,  hy  C.  U.  KENNEDY,  M.A.,  Fellow  of  Trin.  CoIL,  Camb.  it. 


ARUNDINES  CAMI,  sive  Musanim  Cantabrigien- 
Biam  LnsDS  Canori,  collegit  aUyae  edidit  UENRICUS  DRURY,  M^, 
New  Edition.     In  the  Prtts. 


The  BOOK    of   PSALMS,    newly   Translated   from 

the  Hebrew,  with  Critical  and  Philulogical  Notes.  By  WILLIAM  FREXCfl, 
D.D.,  Master  of  Jesus  College,  Cambridpe;  and  Rev.  GEORGE  SKISJiEH, 
M.A.,  late  Fellow  mid  Tutor  of  Jesus  CoUcfje.     New  Edition,  revised,  12*. 


Tho  MISSION  of  the  COMFORTER,  and  otter 

Sermons,  by  ARCHDEACON  HARE,  M.A.    Tn  Ihe  Pren. 


CHRISTMAS  DAY,  and  other  SERMONS;  by 
FREDERICK  DENISON  MAURICE,  M.A.,  Cliaplain  of  Guy's  BmpiJ, 
and  Professor  of  English  Literature  in  King's  College,  Loadoa.  Octen^  lOnSA 

THREE    LETTERS    to   the   Rer.  W.  PALMER, 

on  the  Name  Pntatant;  on  the  Character  of  the  En^ish  Chuicb ;  Mtd  on  thi 
Bishoprick  at  Jerusalem,  By  the  Rev.  F.  D.  UAURICE.  Seooua  Edibbi 
with  Additions.    3f. 


SHORT   SERMONS  for  CHILDREN,  iUnstntiTe 

of  the  Caleohisni  and  Liturgy  rf  the  Church  of  England.  KMcIwd  is  lb 
National  Society's  Central  School,  Westminster,  by  the  Rer.  C  A,  JOHH& 
I).A.,  F.L.S.,  Chaplain  of  the  Cential  School.    3«.  Ctf. 


The  CHURCHMAN'S  GUIDE;  a  Copious  ] 

Sermons  and  other  Worics,  by  eminent  Church  of  Ib^^tiiil  l^ylnw : 
W*ordinff  to  their  Batge9ta.    By  JOHN  FORSTEB,  MJL.  ~. 


mfBU&QIQNS  for  BEADING  «e  tTi. 

-b  oabJuck;  «it&  jbt.^  Bid  <  MM^ >«i>ih>  1 


I 
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•  -N/N^s  r-  •  ^    *  ^.  -k^.^ 


•  On  the  NATURE  of  THUNDER  STORMS,  and  on 

the  MEANS  of  PROTECTING  BUILDINGS  and  SHIPPING  against  the 
DESTRUCTIVE  EFFECTS  of  LIGHTNING.    By  W.  SNOW  HARRIS, 
i  F.R.S.,  &c.    IntheFreis. 


A  CYCLE  of  CELESTIAL  OBJECTS;  for  the  use 

I  of  Naval,  Military,  and  Private  Observere.    By  CAPTAIN  W.  H.  SMYTH, 
[  R.N.,  F.R.S.,  F.  Astron.  Soc.,  &c.    Octavo,  with  lUostratioua.    In  thePrtu. 


LECTURES  on  the  PRINCIPLES  and  PRACTICE 

I  of  PHYSIC,  delivered  at  King's  College,  London,  by  THOMAS  WATSON, 
j  M.D.,  Fellow  of  the  Royal  College  of  Physicians ;  Physician  to  the  Middlesex 
Hospital,  and  formerly  Fellow  of  St.  John's  College,  Cambridge.    In  the  Presi^ 


The  PHYSIOLOGICAL  ANATOMY  and  PHYSI- 

OLOGY  of  MAN.  By  R.  B.  TODD,  MJD.,  F.RJS.,  and  W,  BOWMAN, 
!  F.R.S.,  of  King's  Cullego,  London.  With  Original  Illustrations.  To  be  com- 
j  pleted  in  Three  Pai-ts.    Part  I.  is  fiow  Beady, 


On  the  SANATIVE  INFLUICNCE  of  the  CLI- 
MATE of  PAU,  and  of  the  MINERAL  WATERS  of  the  PYRENEES,  on 
DISEASE.    By  A.  TAYLOR,  M.D.    lOs.Od. 


\ 


I 


ESSAYS   on   NERVOUS  DISEASES,   by  R.  B. 

TODD,  M.D.,  F.R.S.,  Physician  to  King's  College  Hospital,  and  Professor  of 
Physiology  in  King's  College,  London.    In  the  Press, 


J 


On  SPASM,  LANGOUH,  PALSY,  and  other  DIS- 
ORDERS termed  NERVOUS,  of  the  MUSCULAR  SYSTEM.  By  JAMES 
ARTHUR  WILSON,  M.D.,  Fellow  of  the  Royal  College  of  Physicians,  and 
Physician  to  St.  Greorge's  HospitaL    In  the  Press, 


A  MANUAL  of  CHEMISTRY;  the  Fifth  Edition, 

thoioughly  revised  and  greatly  enlaiged,  and  containing  all  New  Facta  and 
Discoveries  in  the  Science.  By  WILLIAM  THOMAS  BRANDE,  F.R.S.» 
of  Her  Majesty's  Mint ;  Professor  of  Chemistry  at  the  Royal  Institution.  35#. 

II. 

A  DICTIONARY  of   the    MATERIA  MEDICA 

md  PHARMACY;  induduig  thp  Elements  of  Phannaceutioal  Chemistiy,  and 
tLTnaOalOiinQf  the  London  Pharmaeymia.  By  W.T.  BRANDED  F JUS.  l«f. 


. 


BTOGRAPHIA    BBITAXXI 

UTESaBY  HI5TOBY  et  At  USTTED  KJ 


Tbe    PHILOSOPHY    of  the 

ESCESifcuftLtdzpAthtfirHiKiij.   BjthcBi 
BJ),  r  AS^  JUawr  :f  Ti-hr  CvHt^  Cambi 


A    HISTORY  of  the  IKDC 

[  fi<^  tbe  EkSmC  TbBcs  to  Ibe  ncanL    Br 


POPl-LAB  PHYSIOLOGY; 

,  rf  miweKitr  Fjea  cotis«««>]  wiUi  Um  Stnicta 
I  Md  pORknUdj  «f  Man.  Bj  the  Iste  Dr.  PI 
I  Hob.  £.  L  C.  Seniec    M«ir  EngrmTinn.    Sc« 


The  UNDrLATORY  THEOl 

DISPEBSIOX  <^  LIGHT.  Bj-  ihe  Ber.  BAD] 
VM-A^  F.GS,  Sanlkn  PMcmot  in  the  Cain 
witk  «  ColooRd  Cb>n  of  Um  FiuDMtie  Spcctn. 


ELEMENTS  of  SYRIAC  GIL^ 

G.  PBOJLirSk  MJL,  Fdlow  ud  Tutor  of  Qm 


A     PRACTICAL     ARABIC 

DUXCAX  STEWABT.    Octane  IGt. 


The  JOURNAL  of  the  STAT 

tfLOMK»'.    pDbJubol  Qnart^,  pRM  Z(;  Gd 


The  JOURNAL  of  the  ROTAL 

if  GBEAT  BBTTACr  aod  IBBLAA'D.    Km. 
CoBtiBud  MGiwHaliT. 
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ARCHITECTURAL     NOTES     ON     GERMAN 

CHURCHES,  with  Notes  of  a  Tour  in  Nonnandy  and  Picardy.  By  the 
Rev.  WILLIAM  WHEWELL,  B.D.,  F.R.S.,  Author  of  The  HisU>fy  o/tJU 
Inductive  Sciences^  &c.    A  Third  Edition,  with  Additions.    \2s. 


The  HISTORY  of  HOLLAND,  from  the  beginning 

of  the  Tenth  to  the  end  of  the  Eighteenth  Century.    By  C.  M.  DAYIES. 
Volumes  the  First  and  Second.    12«.  each.    To  be  completed  in  Three  Volumes 


• 


RECOLLECTIONS    of   SIBERIA,    in   the    Years 

1840  and  1841.    By  CHARLES  HERBERT   COTTRELL,  Esq.    OcUto, 
with  Map,  12f. 

The    WAR     in     SYRIA,    by    SIR    CHARLES 

NAPIER,  M.P.,  K.C.B.    Two  Volumes,  18*. 


TRAVELS  and  RESEARCHES  in  ASIA  MINOR, 

MESOPOTAMLV,  CHALDEA,  and  ARMENIA;  by  WILLIAM  FRANCIS 
AINS  WORTH,  F.G.S.,  F.R.G.S.,  in  chaise  of  the  Expedition  sent  by  the 
Royal  Geog;raphical  Society,  and  the  Society  for  Promoting  Chrbtian  Know- 
ledge, to  the  Christian  Tribes  in  Chaldea.  Two  Volumes,  with  Maps  and 
numerous  Illustrations.    2A», 


RAMBLES   and    RESEARCHES    in    SAXONY, 

comprising  Visits  to  the  Courts  of  Gotha  and  Weimar;  Manners  and  Customs 
in  Thuringia;  and  Specimens  of  the  Legends  of  the  Forest  By  JOHN 
FREDERICK  STANFORD,  Esq.,  M.A.    Octavo,  with  Illustrations.  10*.  Qd. 


SALOPIA  ANTIQUA;   an  Enquiry  from  Personal 

Surrey,  into  the  Early  Remains  in  Shropshire  and  the  Welsh  Borders.  With 
a  Glossary  of  Words  used  in  Salop,  by  the  Rev.  CHARLES  HENRY 
HARTSHORNE,  M.A.,  F.S.A.    Royal  Octavo,  1/.  4«.    Imperial,  21.  2$. 


The  CAMBRIDGE  PORTFOLIO;   Papers  illustra- 

tive  of  the  Scholastic  and  Social  State,  the  History,  Antiquities,  and  Literature 
of  the  University.  Contributed  by  Members,  and  Edited  by  the  Rev.  J.  J. 
SMITH,  M.A.,  Fellow  and  Tutor  of  Caius  College*  Two  handsome  Vol1Imei^ 
Royal  Quarto  with  nnmeroas  lUtufcrations.    4/»  4#. 


■  WM'W^W^^^r^^^^^'^'^^'^^  «#«^«^^^^^«^W« 


10  NEW  WORKS  AND  NEW  EDITIONS, 

PRINCIPLES  of  ENGLISH  UNIVERSITY  EDU 

CATION.     By  tlie  Rev.  W.  WUEWELL,  B.D.,  KB.S.,  Master  of  Trinh; 
College^  Cambridge.    Octavo,  St. 

The   DOCTRINE   of  LIJIITS,   with   ApplicatioM 

tii..  Conic  Sections,  tlie  fint  tlircc   Sections   of  Newton,  tlie    DiflcRii& 
Calculiu.    By  PROFESSOR  WHEWELL.    OcIato,  witli  IHuBtiatioK    St 

The  MECHANICS  of  ENGINEERING;    for  w 

in  Unirersitics  and  Colleges  of  EnsinceTS.    By  PROFESSOR  WHEWELL 
Oclaro,  witli  Illustrationa.    9t, 


PRINCIPLES  of  MECHANISM,  by  R.  WILLIS^ 

M.A.,  F.R.S.,  Jocksonian  I'rofessor  of  Natursl  and  ExpcrimentAl  Fhiloiqhl 
in  the  Univenity  of  Cambridge.  Designed  for  the  Use  of  Stndmta  of  lb) 
UniTerwties,  and  for  Stndenta  of  Engineering  generally,  Witli  2S0  Wscd- 
Cuts.    Octavo,  16(. 


On  the  DIFFERENTIAL  and  INTEGRAL  CAL- 

CULUS.    By  tlie  R«v.  T.  G.  HALU  MA.,  Profeosor  of  HatboMtici  it 
King's  College,  London.    Tliird  Edition,  enlarged.    12t,  Bd, 

II. 

ELEMENTS    of    DESCRIPTIVE    GEOMETRT 

cMefly  intended  for  Studenia  in  Engineering  j  alio  bj  PROFESSOR  RAU 
Witli  80  niustntions.    Of.  6d. 

The  ELEMENTS  of  ALGEBRA,  chiefly  iiitoidd 

for  SckotJs  and  the  Junior  Classes  in  CoU^ea.    By  the  sanw. '  A*.  M. 


MATHEMATICAL  TRACTS.    By  G  EORGE  Bm 

DELL  AIRY,  HjL,  F.B.S.,  Astronoliier  Royal.    Dcaigiutd  for  ibt  Una 
Students  in  tha  UnivieniUea.    Octaro,  Thltd  Edition,  oomded.  " 


EXAMPLES  of  the  PROCESSES  of  the  DTFFK 

llBNTIAXiflBd  IHTBORAL  CALCULUS.    CoUeclt.l  hy  ]>.  K.  GUEGOBT 
lIA.,gaU»wqf  Tdnl^Call^BiCtoibiMflB.    Oc*H«v'"^l'Mnh  W* 

^^^— >»^«*H      !■■      I—— J,^  ■ 
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ARCHITECTURAL     NOTES     ON     GERMAN 

CHURCHES,  with  Notes  of  a  Tour  in  Nonnandy  and  Picardy.  By  the 
Rev.  WILLIAM  WHEWELL,  B.D.,  F.R.S.,  Author  of  The  HisUny  o/tke 
Inductive  Sciences^  &c.    A  Third  Edition,  with  Additions.    129, 


The  HISTORY  of  HOLLAND,  from  the  beginning 

of  the  Tenth  to  the  end  of  the  Eighteenth  Century.    By  C.  M.  DAYIES. 

Volumes  the  First  and  Second.   128,  each.   To  be  completed  in  Three  Volumes 


• 


RECOLLECTIONS    of   SIBERIA,    in   the   Years 

1840  and  1841.    By  CHARLES  HERBERT   COTTRELL,  Esq.    OctoTo, 
with  Map,  12f. 

The    WAR     in     SYRLV,    by    SIR    CHARLES 

NAPIER,  M.P.,  K.C.B.    Two  Volumes,  18*. 


TRAVELS  and  RESEARCHES  in  ASIA  MINOR, 

MESOPOTAMIA,  CHALDEA,  and  ARMENIA;  by  WILLIAM  FRANCIS 
AINSWORTH,  F.G.S.,  F.R.G.S.,  in  charge  of  the  Expedition  sent  by  the 
Royal  Cieographical  Society,  and  the  Society  for  Promoting  Christian  Know- 
ledge, to  the  Christian  Tribes  in  Chaldea.  Two  Volumes,  with  Maps  and 
numerous  Illustrations.    24f . 


RAMBLES   and    RESEARCHES    in    SAXONY, 

comprising  Visits  to  the  Courts  of  Gotha  and  Weimar;  Manners  and  Customs 
in  Thuringia;  and  Specimens  of  tlie  Legends  of  th^  Forest  By  JOHN 
FREDERICK  STANFORD,  Esq.,  M.A.    Octaro,  with  Illustrations.  lOs.Qd. 


SALOPIA  ANTIQUA;   an  Enquiry  from  Personal 

Survey,  into  the  Early  Remains  in  Shropshire  and  the  Welsh  Borders.  With 
a  Glossary  of  Words  used  in  Salop,  by  the  Rev.  CHARLES  HENRY 
HARTSHORNE,  M.A.,  F.S.A.    Royal  Octavo,  1/.  4«.    Imperial^  2/.  2#. 


The  CAMBRIDGE  PORTFOLIO;  Papers  illustra- 
tive of  the  Scholustic  and  Social  State,  the  History,  Antiquities,  and  Literature 
of  tlie  University.  Contributed  by  Members,  and  Edited  by  the  Rer.  J.  J. 
SMITH,  M.A.,  Fellow  and  Tutor  of  Caius  College.  Two  handsome  Vdamfli^ 
Royal  Quarto  with  namerous  lUuatntions.    4/.  4#. 


12  NEW  WOKKS  AND  KEW  EDITIONS, 

The  LIFE  of  SIR  ASTLEY  COOPER,  Baet,  from 

Bociimvnl^  and  Corrcaponilcnco  bequcatlu-d  liy  him  for  tlic  jiurposo.  Bj 
DRAMbQY  COOPER,  F.R.S.  Two  Volumes,  with  a  Portrait  after  Sii 
TaoHU  LiwRBNCE.    21a. 

The  LIFE  of  ISAAC  MILNER,  Dean  of  Carlisle, 

compriaing  his  CoireBpondence  ivitli  many  of  the  lending  men  of  hU  d*y,  ud 
Other  Writings  hitherto  impabUsbod.  Sy  lib  Niece,  UARY  MILNER.  With 
D  Portrait,    18r. 


The  LIFE  of  AKCHBISHOP  SANCROFT,  to  vhieh 

arc  added,  Tliree  Sermons,  and  the  Tract  on  Afodem  rolicy.    By  GEORGE 
D'OYLY,  D.D.,F.It,S.,  Rector  of  lambetb.  New  Edition,  Re viaed,  Octaro,3i. 


The  LIFE  of  BISHOP  BUTLER,   the  Author  of 

TTie  Analogy.    By  TUOMAS  BARTLETT,  SI.A.,  one  of  tlie  Six  PrMchniof 
Canterbuiy  Cathedral.    OctaTo,  witli  Portrait.    12t. 


The  LIFE  and  SERVICES  of  GENERAL  LORD 

HARRIS,  G.C.B.    By  the  Right  Hon.  S.  R.  LUSHINGTOK,  Ute  GomaK 
of  Madras.    Octaro,  with  Portrait,  &o.    13i. 


The  LIFE  of  SIR  WILLLAM  JONES.    By  LORD 

TEIGNMOUTH ;  New  Edition,  Re  vbed,  and  iritU  a  life  of  ttw  HoUl  Aatho^ 
b;  the  Rer.  S.  C.  WIU^  M.A.    Two  Volumes,  10*.  6</. 


LIVES    of   ENGLISH    SACRED    POETS^  fr«» 

CnAUCER  to  UEBER.    By  the  Rst.  ROBERT  ARIS  WILLHOnVif  '■. 
Trijuty  College  Cambridge.    Two  Volumo^  if.  6d,  eM 


LIVES  of  EMINENT  CHRISTIANS,  by' 

R,B.  BONE,  M.A.,TIoar  of  Hdes  Owen.    Four  Totmne^  {rioa  <ft  M  C^b 
The  FO0STH  VOLUME,  eaalaiiib«  the  Una  oT  JOBM  BBADFORD 

ABCBBISHOF  QRINDAL,  anA  JUDGE  HALE,  it  mm*  Bmig. 

Tha  riBST  TOLDHX  wMm  the  U«m  of  AntiHititqi  UrfMr,  Dr.  lUiawDl 
-  ~~'—    -1  BWhv  WitaM.    Thm  SECOND  VOLUU£,  BnMid  C"  ' 
tktmOtidi, and Anlhoqr'BtBnBCk    Tbn TOIfiU  V0L1 


PUBLISHED  BY  JOHN  W.  PARKER.  13  j 


POPULAR    BIOGRAPHY,   a   Series   of  Histories 

of  the  Lives  and  Times  of  Persons  eminent  in  various  Ages  and  Countries  in 
connexion  with  Hbtory,  Religion,  Literature,  Science,  and  the  Arts.  Accom- 
panied by  Historical  Introductions  and  Sequels,  whereby  each  Work  will  be 
made  a  complete  Epitome  of  the  particular  Branch  of  Knowledge  with  which 
the  Subject  of  the  Memoir  was  connected.    In  the  Press, 

TliiH  Work  beinjf  desiijned  chiefly  for  the  use  of  young  porsons,  and  of  thoao 
to  whom  the  larger  Biographies  and  IIi»torie«  are  inaccessible,  will  bo  publislied  in  a 
very  cheap  and  portable  form.  Each  subject  will  be  completed  in  one  brochure, 
containing  a  large  amount  of  matter,  printed  in  a  neat  and  distinct  style. 


The  HANDMAID;    or,  the  Pursuits   of  Literature 

and  Philosophy,  considered  as  subservient  to  the  Interests  of  Morality  and 
Religion.  By  the  Rev.  JOHN  DAVIES,  B.D.,  Rector  of  Gateshead,  and 
Author  of  An  Estimate  of  the  Human  Mind,    is. 


GEMS  of  SACRED   LITERATURE;   a  Series  of 

beautiful  Pieces^  from  the  works  of  eminent  Writers,  commencing  at  an  early 
period,  and  brought  down  to  the  present  time.  Two  handsome  Yolume8»  bound 
and  gilt)  8j.;  and  uniformly.  Two  Volumes,  8#. 


GEMS  of  SACRED  POETRY;  choice  Portions  of 

the  Works  of  celebrated  Poets;  exhibiting  a  connected  view  of  the  Character 
and  Progress  of  English  Sacred  Poetry. 


NATIONAL  PROVERBS,  in  the  principal  Lan- 

guagea  of  Europe.    Printed  line  for  Ime  in  English,  French,  Italian,  Spanish, 
and  GermaiL    By  CAROLINE  WARD.    Bound  and  gilt»  3f .  Gc?. 


THE  ROYAL  PROGRESS  in  SCOTLAND.     Mr. 

Tbovas  CoKSTAJiLB,  Printer  to  the  Queen  in  Edinburgh,  having  received 
Hbr  MiLiESiY'i  Authority  to  publish  a  MEMORIAL  of  the  ROYAL  PRO- 
GRESS in  SCOTLAND,  is  preparing  for  publication  an  authentic  and 
detailed  account  of  the  late  Gracious  Visit  to  Scotland,  to  be  Dedicated,  by 
permission,  to  Her  Most  Gracious  Majesty  and  Ilia  Royal  Highness  Prince 
Albert  The  literary  department  has  been  undertaken  by  Sir  THOMAS 
lACK  LAUDER»  Bart. 

The  Work  will  be  hoBdaomely  printed  ui  Quarto,  and  will  eontaui  Representa- 
lldaa,  exlenal  and  intetnal,  of  the  various  Pabees  and  NoUe  SUaidenees  which  have 
been  honoured  by  the  presence  of  Her  Majesty,  together  with  delineatioiis  of  aU 
fartcnating  aeenea,  eeramonial  and  mctaxeaipie,  to  which  the  Royal  Vifiit  has  given  rise. 
Thaprieeof  the  Volume  wiU  be  Two  Gmucas,  and  there  wiU  be  a Umiied numbor of 
Oo^  printed  on  Largo  Paper,  «ith  PitMf  Imprassions  of  the  Plates,  pnce  Four 


. 


NEW  WORKS  AND  NEW  EDITIONS. 


€tt  mat  ^sclopettifi, 

a  ComprchcoNve  D'lgeat  of  tho  Civil  and  Natural  History,  Gvignfbj,  St» 
tutlcs,  and  General  Liteinirf  Infunnatian,  canii«ut«d  with  tti«  Sacred  Writinp: 
iUustnted  hy  Several  Hundred  WixhI  CuU. 

Comidete  in  Tliirty  Parts,  at  1*.  tSd.  each,  fomtinB;  two  Volume^  ptict 
21it,  cocli.  SulHcriberii  are  rc<|ue9ted  to  complete  their  &«ta,  a«  the  NaraMn 
will  be  sold  separately  for  a  short  time  only. 


UMt  inapus; 

a  Series  of  New  and  Accurate  Itlaps,  constructed  on  the  best  AuthoritiMrUd 
verified  hy  collation  with  the  Discoveries  of  Modem  Travellers;  fanoiog  i 
complete  IIisTuiiicAi,  and  Descriitive  Atlas  of  Scbipture  GBOCRAniT.  Bjr 
WILLIAM  UUGUES,  F.R.G.S.    Suiall  Folio,  7i.  ed.,  coloured,  and  bound. 


Original  d^amilfi  ^txmont. 

Contributed  by  upwards  of  One  Hundred  and  Fiftt  Cotbkforibt  Dinnh  tt 
the  EsTASLisnGD  Chvrcu  ;  and  published  under  the  direction  of  Tie  OrhijM 
of  General  LUcittiure  and  EJueaiim  of  (As  Sfxkff  fitr  ISmMmj  Oai^im 
Knowledge,    Five  Volumes,  at  63. 6J.  each. 


Sbtxi^irxxsH  3$rebiat»; 

SHORT  COMPENDIUMS  of  SCRIPTURAL  INSTRUCTION, 

to  the   DOCTRINES  and  DISCIPLINE  of  the  UNITED- 
CHURCH  of  ENGLAND  and  IRELAND. 
Thcsn  DnEviiTBs  are  strictly  applicable  to  all  the  puipoMt  for  wUdTMl 
arc  generally  employed,  while,  from  their  uniform  orUioai^T,md'thtHIM» 
aire  atyle  of  their  rantente,  they  will  be  found  neatlj  to  iiMiit  tha  riiiHllM 
Clerg-y  in  their  visitations  and  ministry.    Severalof  the  Qave^  Into  iri^  tiw 
Series  la  divided,  will  also  be  found  highly  utefiil  in  Kationil  m1  oAb 
Schools,  where  tliev  may  \x   used  as  class  noolc^  and  aftarwarda  piWiiri 
to  the  children  or  tneir  parentis  at  very  little  expMiee. 
-     Tha  two  following  Clauses  ore  already  publiahed,  and  otliefi  «f  tti  BirfM 
are  prepaiing  for  the  piesa. 

An  INTRODUCTORY  MANUAL  to  the  READ^ 

ING  and  STUDY  of  the  HOLY  SCRIPTURES;  comprised  in  one  hundMd 
Kumben  of  the  Scururai.  Brevutb^  and  forming  Class  A.  of  the  SarfK 
Aica  4t.  bound  in  a  Toluim,  or  the  hnndrcd  Brcviates  for  distribution,  Si. 

SHORT  COMPENDIUMS  of  FAITH  and  PRAC- 
TICE Ibr  tha  SICK;  eomprised  in  fifty  Nainbus  of  iHs  S<:iurTL'n«i,  Bun- 
txm,  tanaiag  ClaM  K.  of  Iha  Sarici.  Frica  !«.  boand  bi  •  Vahmw,  or  Ot 
ffify  Amittaa  Car  dUribiiliwi,  !«. 


i^uMfjSj^el^  i^S  Wiuttotltn^ 


I 


OFFICIAL  INFORMATION  on  CHARITIES. 

ANALYTICAL  DIGESTS  of  the  REPORTS  made  by  the  COMMISSIONERS 
of  IN(iUIRY  into  CHARITIES,  containing  those  on  Cliaritics  for  Distrir 
bution  amongst  the  Poor;  on  Grammar  Schools ;  on  Schools  not  Classical ;  and 
on  Charities  for  Education  not  attached  to  Endowed  Schools. 

Arranged  in  Counties  frdm  the  Returns  presented  to  both  Houses  of 
Parliament,  hy  Command  of  Her  Majesty,  and  Issued  in  a  detached  Fonn^ 
with  a  View  to  Local  Circulation,  at  the  following  Prices : — 


1 


Bedford 0 

Berks 1 

Buckingliam I 

Cambridge 1 

Chester  I 

Cornwall    0 

Cumberland  1 

IX'rby 1 

Devon    2 

Dorset    1 

Durham 1 

Essex 2 

Gloucester I 

Hereford    I 

Hertford 1 

Huntingdon   0 

Kent  2 


d. 
0 
G 
0 
0 
6 
9 
0 

a 
r, 

0 
0 
0 
G 
G 
0 
9 
G 


Lancaster  2 

Leicester    1 

Lincoln  2 

Middlesex,  iuclu-)  ^ 

diug  London... ) 

Monmouth 0 

Norfolk  2 

Northampton 1 

Northumberland..  0 
....  1 
....  1 

Rutland 0 

Salop 1 

Somerset,     inclu- 1  „ 

dine;  Bristol  ...) 

Southampton 1 

Stafford  2 

Suffolk    2 


Nottingluim 
Oxford    


d. 
G 
6 
G 

G 

9 
0 
G 
9 
0 
G 
9 
G 

G 

0 
0 
0 


#. 


Surrey,  including). 
South  wark j 


Sussex    

Warwick    

Westmorelaud  ... 

Wilts 

Worcester 

York,  East  Riding 

North 

West 


1 
1 
1 
I 
1 
1 
1 
3 
North  Wales'......  2 


99 


>9 


» 


» 


South  Wales 
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G 

0 
6 
0 
G 
G 
G 
G 
0 
0 
G 


Qcueral  Charities, 
and  Summaries  i 
of  the  whole  of 
theCharity  Pro- 
perty &  Income  ^ 


0    9 


To  be  PMithed  earfy  in  1843. 


MINUTES  of  the  COMMITTEE  of  COUNCIL  on 

I  EDUCATION ;  for  the  years  1841-2 ;  with  APPENDICES.  «*.  Gd.  Also, 
I  THE  MINUTES  for  the  years  1830-40,  and  1840-41 ;  with  APPENDICES, 
df .  6</.  each. 


KxiUvc  tfie  Sanction  of  ti^e  Commtttre  of  Council  on  Mutation. 


WJLHEM'S  METHOD  OF  TEACHING  SINGING  ADAPTED 
TO  ENGLISH  USE  B  Y  JOHN  HULL  AH. 


The  Manual.    Parts  I.  and  II., 

St.  6i/.  €i»c1i ;  or  the  Two  Tarts  bound  together 
In  cloth,  tff. 

The  Exercises  and  Figures  for 

the  Uw  of  Pupih.    Three  Uook»,  (M.  each. 

Hullfth's  Large  Sheets,   con- 


tiujiing  the  EzcrctMs  and  Figures  in  bold 
Characten  on  Sheet*  lliree  Feet  Six  iuches 
long.  Tea  ParceU  of  Ten  SheeU  each  (Not.  I. 
toX.;  XI.  to  XX.;  XXI.  to  XXX.,  4ec  ),  iirk« 
7«.  M.  per  PurceL 

SinginjT  Tablets  for  Elementary 

Schoob.  l4ice,  Sheets,  lOf.;  Moanted  op 
MiUboonl,  35«.;  in  Box,  ooapleU,Mr. 


MULHA  USER'S  METHOD  OF  TEACHING  WRITING, 
ADAPTED  TO  ENGLISH  USE. 


The  Manual  of  Writing,  with 
Poifr  Biodd  FiirtM,  a«.  ly. 


Wilting    Models;     the    Set, 

conuUag  df  Voity  Moddi,  Sfc  (M. 
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